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Foreword 



IN view of the great need tor a more scientific knowledge of 
electricity on the part of thousandaofpracticalmenof limited 
technical education, an attempt has been made in the follow- 
ing pages to give a presentation of the suljjeft which shall be easily 
understood by such men, ami at the same time cover all essential 
principles and methods. The principles usually deduced by higher 
mathematics are here made clear by careful explanation and a 
large number of diagrams drawn especially to supplement and 
elucidate the text. Numerous engravings exemplify modern 
practice, and form a pictorial index to the latest and best methods 
of applying electricity to lighting, railways, power transmission, 
the driving of machine tools, etc. 

^I^The Cyclopedia of Applied Electricity is based upon the method 
which the American School of Correspondence has developed and 
successfully used for many years in teaching practical electricians 
the scientific principles underlying their work. It is a compila- 
tion of representative Instruction Papers of the School, and forms 
a simple, practical, concise, and convenient reference work for 
the shop, the librarj', the school, and the home. 

<^The success which the American School of Correspondence has 
attained in teaching thousands of electricians, is in itself the best 
possible guarantee for the present wori;. Therefore, while these 
volumes are a marked innovation in technical literature — repre- 
senting as they do the best ideas and metbodsof a large number of 
(^i^^r^nf authors, each an acknowledged authority in his work — they 
areby no means an experiment, but are in fact based on what has 
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proved itself to be the most successful method yet devised for the 
education of the busy working man. 

<t Among the sections of especial timeliness are those on Alter- 
nating-Current Machinery, Storage Batteries, Electric Wiring, 
Lighting, etc. In these pages the authors have succeeded in 
presenting the subjects in such manner as to overcome the hitherto 
insurmountable obstacle— higher mathematics. The rules and 
formulED are presented in a very simple manner, and special effort 
has been made to illustrate every principle by diagra."as, curves, 
and practical examples. 

€t Numerous examples for practice are inserted at intervals; these, 
with the test questions, help the reader to fix in mind the essential 
points, thus combining the advantages of a textbook with those of 
a reference work. 

€L Grateful acknowledgment is due to the corps of authors and 
collaborators who have prepared the many sections of this work. 
The hearty co-operation of these men— engineers of wide prac- 
tical experience, and teachers of acknowledged ability — has alone 
made these volumes possible. 

€t The Cyclopedia is pubhshed in the belief that it will meet a 
real need among designers, constructors, and operators of elec- 
trical machinery. That it may save many weary hours of search 
among the scattered textbooks and reference works of the day 
— books which, being intended largely for college-trained men, are 
necessarily far from meeting the needs of the average practical 
man— is the hope of the compilers and publiahe.'^. 
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MANAGEMENT OF DYNAMO^ 
ELECTRIC MACHINERY, 



The object of this inHtmction paper is to set forth tlie most 
impcrtant features which must be considered in the actual handling 
and operation of electric generators and motors. The principles 
and general constrnction of direct-current (D. C.) and alternating- 
current (A. C.) generators and motors, are treated elsewhere. 

The subject may be divided into three parts as follows: 

A. The Selection, Erpetion, Connection, and Operation. 

B. The Inspection and Testing. 

C. The Troublea or "Diseases" and Bemedies. 

SELECTION OF A MACHINE. 

The voltage, capacity, and type of machine are dependent upon 
the system to which it is to be connected, and the purpose for 
which it is to be utilized, bnt there are certain general features 
which shonld be considered in every case. 

ConAtniction. This should be of the most solid character and 
guaranteed first-class in every respect, including materials and 
workmanship. 

Finish. A good finish is desirable, since it is likely to cause 
the attendant to take greater care of the equipment. 

Simplicity. The machine should be as simple as possible in 
all its parts; peculiar or complicated featnres shonld he avoided, 
unless absolutely eBsential for the operation of the system. 

Attention. The amount of attention required by the machine 
should be small. The number of screws or nuts should be reduced 
to a minimum, and they ought always to be provided with some 
locking device to prevent them from becoming loose. The brushes 
shonld be capable of being easily adjusted and self- feeding, so that 
they may " follow " or make up for any trifling eccentricity of the 
commutator. The bearings shonld be self -oiling, and in the smaller 
sizes self -aligning. 

Handling. An eye-bolt or other means by which the machine 
can he easily lifted and moved is desirable. It ought to be possible 
to take out the armature conveniently by removing one of the 
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i MANAGEMENT OP DYNAMO-ELECTEIC MACHINERY 

bearings, or the tops of the field magnet, frame and bearings, or by 
moving the halves sideways if the frame is split vertically. The 
armature and field windings sliould be so designed and mounted 
that their removal for repairs is an easy matter. 

Interchangeablllty. The machine selected should preferably 
be one of a regular and standard type, bo that extra parts can be 
obtained wiihont ueedlcHs delay. 

Regulation. Some form of regulating device should be pro- 
vided by means of which the E. M, F. or current of a generator, 
or the Bpeed, and in some cases the direction of rotation of a 
motor, can be readily and accurately controlled. 

Form. Tlie machine should be eynimetrical, well-propor- 
tioned, compact and solid in form. The large and heavy portions 
should be placed as low as possible, to give greater stability. 

Weight. It is a mistake to selev^t a very light machine when 
it is for stationary use, since weight increases its strength, sta- 
bility, and durability. 

Capacity. This should be ample for the work to be done; in 
fact it is advisable to allow a margin for incnwse. The machine 
should be provided with the maker's name-plate, sj)ecifying the 
rated current, voltage, speed and ca[)aeity. The manufacturer 
should also guarantee the following: That the machine does noi 
heat up in any jmrt of its windings, to more than 50° 0, after a 
run of six hours' duration, under rated load conditions;* also that 
it ia able to carry a 25 per cent overload for two hours, and mo- 
mentary overloads of DO jht cent, without excessive heating or 
sparking. 

Cost. It is usually an error to select a generator or motor 
simply because it is cheap, since both the materials and workman- 
ship required for the construction of a high-grada electrical ma- 
chine are costly, 

MECHANICAL CONDITIONS. 

Location, The place chosen for the machine should be dry, 
free from ibiit or grit, lujht, and wi-1l vnidilateiJ. It nniat also 
be arranged so that there is room enough for the removal of the 
armature without shifting or turning the machine. 

Foundations. It is of great importance to have the machine 

'Note. Bjr resiatance 
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MANAGEMENT OF DYNAMO-ELECTRrC MACHINERY 5 

firmly placed npoo a good and solid foandatiou; otherwise, no 
matter how well constructed and managed, the vibrations occurring 
on a poor foundation will produce 
sparking at the brusbes, and its 
acconipan3ing troubles. 

It is also necessary, if the ma- 
chine is belt-driven, to mount it 
upon rails or a sliding lM*d-plate 
provided with holding-down bolts 
and tightening screws for aligning 
and adjusting the belt while the 
machine is in operation. (See Fig. 
1). The machinery foundations 
consist of a mass of stone, masonry, 
brickwork, or concrete, ujran which 
the machinery is placedand usually 
held firmly in place by bolts pass- ^' * 

ing entirely through the mass. Tliese bolts are built into the 
foundations, the proper position for them being determined 
by a wooden template suspended above (he foundation, as 
shown in Fig,- 2. The bolts are preferably surrounded by iroo 



Fig. 2. 
pipe that fixes them longitudina'ly but allows a little side play 
which may be necessary to enable tbetri to enter ihe bed-plate. 
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holes readily. The brickwork for machinery foundations should 
consist of hard buroed bricks of first quality, laid in good cement 
mortar. Ordinary Ihne mortar is entirely "unjit for the purpOBO, 
being likely to crnoible away under the effect of the vibrations 
cansed by the machinery. Brick or concrete foundations should be 
finished with a cap of bluestone or cement. This tends to hold the 
foundation together, and forms a level surface njwn which to set 
the machinery. If the engine and generator are provided with a 
cast-iron sub-base, the capping may be dispensed with 

Fixing the Machine. In fixing either direct-connected or 
belt-driven machines, first determine, with a long straight edge 
and spirit level, if the top of the foundation is level and true. If 
this is found to be the case, the holding-down bolts may be 
dropped into the holes in the foundation, if they are not already 
built in, and the machine carefully placed thereon, the ends of the 
bolts being passed through the holes in the bed-plate and secured 
by a few turns of the nuts. The machine should then, if belt- 
connected, be carefully aligned with the transmitting pulley or fly 
wheel. Particular attention should be paid to the alignment of 
the pulleys in order that the belt may run properly. If direct- 
connectod, the dynamo bed-plate and armature shaft must be care- 
fully aligned and adjusted with respect to the engine shaft, raising 
or lowering the bed-plates of the corresponding machines by means 
of thin cast-iron or other wedges; and the generator frame should 
also be adjusted to its proper height by means of thin strips of 
metal or fiber set between its supporting feet and the bed-plate. 
Having thus aligned and leveled the machine, it slionld next be 
grouted with thin cement. This is done by arranging a wall of 
mud or wooden battens around the bed-plates of the machines, 
and running in thin cement until the holding-down bolt holes are 
filled, and the cement has risen to the lewl of the under side of the 
bed-plate. When the cement has set, the wall may be removed 
and the nuts on the holding-down bolts drawn up. This firmly 
fixes the machine upon its foundation. 

Mechanical Connections. Various means are employed to 
connect the engine or other prime mover with the generator, or 
the motor with the apparatus to be driven. The most important 
are as follows; 
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MANAGEMENT OP DYNAMO-ELECTRIC MACHINERY 7 

Direct ConnectloD. 
Beltiog. 
Bope Driving. 
Toothed Geariog. 

Other apparatns, snch aa Bhaftiog, cIntcheB, hangers and pnl- 
lojB, are nsed Id connectioo with the above means. 

Direct Connection. This is the simplest, and for that reaeon 
the most desirable, means of connection, provided it can be carried 
oat vitfaoat involving sacrifices that offset its advantages. This 



F*. 3. 
method, also called diret't coupling or direct driving, compels the 
engine and generator to run at the same 8])eed, whi<:h gives rise to 
some difficulty, as the most desirable speeds of the two machines 
do not nsually agree. The natural speed of a generator is high, 
while that of an engine is low; hence to obtain the same voltage 
from a direct-connected generator, more inductors are necessary, 
or the flux cut must be increased. Accordingly, the armature and 
frame of the direct- eon nee ted generator must be larger, thus mak- 
ing it a more expensive machine than the belt-driven. 

The direct connection of an engine and generator is accom. 
plished in several ways; the simplest of which consists in mount- 
ing the armature of the generator directly on one end of the shaft 
of the eugiue. This may be accomplished in any one of several 
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ways. Fig. I! repreBents tLe tliree-liearing method. Two-and- 
four-bearing methods are also used. These secures the great 
advantages: that acourato alignment is readily obtained, and space 
occupied reduei.'d to a iiuniiniim, and the mounting uf the bearings 
on a common siib-baHO avoids troul)le due to unequal settling. 

Another form of dirwt coupling is that in which an engine 
and a generator, each complete in itself, and each having two bear- 
ings, are coupled together by Boine mechanical device, which may 
be either rigid or filightly elastic or adjuwtabJo. In the formereaae 
the two shafts are practically 
eijuivalent to a single one, 
which, while making it easy to 
remove either machine for re- 
pairs, is somewhat objection- 
able owing to the fact that it 
requires larger foundations, 
and introduces the difficulty of 
accurately aligning four bear- 
ings. The use of a flexible 
coupling avoids the necessity 
of jierfect alignment, and also 
the Bcrious trouble that might 
arise if the settling or the wear 
of the bearings should be un- 
even. There are various forms of flexible coupling. One of the 
I'orms manufactured by the Westinghouso Machine Company is 
shown in Fig. 4, the flexibility being provided by the springs 
which hold the two parts of the coupling together. 

The tUiY'-t coujdtiKj of iji-neriitors \clth turl>hu-n can be car- 
ried out without departing from the natural speed of either ma- 
chine, since the ordinary s]Teed of a turbine agrees closely with the 
Donual speed of a generator of the corresponding capacity. 

The relative efficiency of direct coupling and belting depends 
greatlyupon theconditionsjbut in general the former is more effic- 
ient at or near rated load, and the latter at light loads. 2'he sim- 
plicity, eoiiqiadiicfs, and 2"""'tivt' tind iiiiis.'h'ss artion of direct 
Tynnertionhave caused it to become the most approved method. 
Belting. If the generator or motor ie not directly connected, 




Fi(t. 4. 
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one to tho prime mover and the other to the apparatus to be driren, 
they are usnally connected by some form of belting. Tho kind of 
belting selected depends greatly upon conditions of drive, distances, 
etc.; and it may be leather, rawhide, rubber, or rope. For ordin- 
ary short drives, leather is the most desirable, though, when the 
power to be transmitted is small, rawhide belts are also satisfactory, 
especially as the cost is less than for h'atlier belts. For consider, 
ablo distances, rope driving answers very well because it is so mach 
lighter and chea|M-r than an equivah'nt leather belt, tliough grooved 
pulleys are required, making the total cost about the same. Kub- 
ber belts are used to advantage in driving generators from water 
turbines, where the belt might l>e ex|Kised to moisture. Leather 
belting is usually the most reliable and satisfactory for general ap- 
plication, except for very short drives, where a form of chain belt 
works best. There are three thicknesses of leather belting — single, 
light -double, and double. For nso in connection with generators, 
motoia, or other high. 8[R'ed machinery, the "light-double" belting 
- is usually the best. 

The exact amount of power that a given belt is capable of 
transmitting is not very definite. The ordinary rule is that " sin- 
gle" belt will transmit 1 horse-piiwer for etich inch of its width 
when traveling at a sfwed of 1,000 feet ]wr minute. If the speed 
Is greater or less, the power is proportionately increased or de- 
creased. The statement of IF. P, transmitted is based upon the 
condition that the belt is in contact with the transmitting pulley 
around one-half of its circumference, or 180", which is usually the 
case. If the arc of contact is less than ISO"", the power transmitted 
is less in the following projKJrtlon: An arc of IHy" gives 84 per 
cent, while 90° contact gives only (it per cent of the power de- 
rived from a belt contact of LSO'. If on the other hand, the upper 
side sags downward, which is always desirable, the belt is in con- 
tact with more than hiilf the circumference of the pulley; and thus 
the grip ia considerably increased and more power can be trans- 
mitted. These facts make it very desirable to have the Iwine side 
of the belt on top. If the looi'e side is below, it sags away from 
the pulley and is also likely to strike the floor. 

The complete expression for determining the width of a sin- 
gle belt required to transmit a given horsepower is as follows: 
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^_ H.P. X 1,000 
" SX"0 * 

where W is the width of the helt in inches; H. P. the horse-power 
to be transmitted; S the speed of the belt in feet per ininiite, which 
is eqnal to the circumference of the driving pulley in feet multi- 
plied by the number of revolutions per minute;* and C a factor 
dependent upon the are of contact. 

"Double" belting is expected to transmit one and one-half 

(1 ^), and "light-double" one and one-quarter (1 Jt times as much 

power as " single " belting of the same width. Belting formulas 

are only approximate, and should not be applied too rigidly, since 

the grip of the belt upon the pulley varies considerably under dif. 

ferent conditions of tension, temperature and moisture. The smooth 

side of a belt should always be run against the pulley, as it traDB> 

mits more power and is more durable. Belting used tor electric 

machinery, being usually 

high. speed, should be made 

"endless" for permanent 

work, as this makes less noise; 

but it may he used with laced 

joints, temporarily. A spliced 

or "endless" joint is made 

as follows : — Both ends of the 

belt are pared down on one 

side (opposite) with a sharp knife, into the form of a long thin 

wedge, BO that when laid together a long uniform joint is obtained 

of the mme thicknexs as the helt itnelf. Tbe parts are then firmly 

joined with cement and sometimes with rivets also. . It may be 

necessary to splice or lace a belt while in position on the pulleys; 

and for this purpose some form of helt clamp (Fig. 5) should be 

employed. 

If a belt is ordered endless, or is spliced away from the pnlleys, 
great care should be exercised in determining the exact length re- 
quired. A string that will not stretch, or preferably a wire put 
around the pulleys in the position to be occupied by tlio belt, is the 

*NoTK. BoKs slip or "i-Tepp" on the pulley about 2 per cent; hence, 
in dctcrminiiiK the size of pulleys whose specU must be aecurale, the calculated 
belt speed should be about 2 per cent too Ugh. 
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best way to avoid a mistake. la meaeuring for a belt, the gener- 
ator or motor shotild be moved on its eliding base so as to make 
the distance between shaft centers a minimum, in order to allow 
for the stretch of the belt, which may be as mnch as i inch per 
foot of length. 

The lacing of a belt is a very simple and common method of 
making a joint; but should not be permanently employed at high 
speeds for electric machinery belting, as it is lii^ble to pound on 
the pulleys, producing noise, vibration and sparking; and in the 
case of generators it is also likely to cause flickering in the lamps. 
Iq lacing belts, the ends should be cat perfectly square, and there 
should he as many stitches of the lace slanting to the left as 
there are to the right; otherwise the ends of the belt will shift 




sidewise owing to the unequal strain, and the projecting corners 
may strike or catch in the clothing of persons. A good way to 
accomplish this is shown in Fig. 6. The various holes shoum be 
made with a circular punch, the nearest one being about ^ inch 
from the side, and the line through the center of the row of holes 
about 1 inch from the end of the belt. In large belts these dis- 
tances should be a little greater. A regular belt lacing of strong 
pliable leather or a special wire is used. The lacing is doubled to 
fiod its middle; and the two ends aro passed through the two holes 
marked " 1 " and " la," precisely aa in lacing a shoe. Tlie two ends 
are then passed successively through the two series of boles, in the 
order in which they are numbered, 2, 3, 4, etc., and 2a, 3a, 4a, 
etc., finishing at 13 and 13a, which are additional holes for secur. 
ing the ends of the lace. The great advantage of this method of 
lacing is that the lace lies on the pulley side perfectly parallel to 
the direction of motion. 
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Perfoi-ateil lielts are often employed for the reason tliat a film 
of air is likely to be ini])ri8one(l between the belt and the pulley, 
thus preventing a good grip. IlKnee aiuall j)erforation8 are Bouie- 
times mad© in the In-It, eajMifially for high-Bjiecd operation (3,000- 
6,000 feet per niinntet, to allow the air to escape; and since these 
are in the form of narrow elite, with their greatest dimension in 
the direction of motion, they do not materially reduce the strength 
of the belt. 

Arrangement (iitd Care <if JJt/fhitj. It is very desirable, 
for aatiBfactory running, that belts should be reasonably long and 
nearly horizontal. The distance between the centers of two belt. 
connected pitlleyt^ should be not loss than 3 times the diameter of 
the larger pulley. The belt should l>o just tight enough to avoid 
slipping, without straining the shaft or hearings. The two shafts 
which are to be belt-connected must be perfectly parallel, and the 
centers of the face of the driving and driven pulleys must be ex- 
actly opposite to each other, in a straight line perpendicular to the 
axis of the shafts. The machines uliould then be turned over 
slowly with the belt on, to see if the latter tends to run to one side 
of the pulley, which would show that it is not yet properly "lined 
up," in which case one or both machines should be slightly shifted, 
until the belt runs properly. If possible, the machine and belt 
should be set and adjusted so as to cause the armature to move 
back and forth in the bearings while running, on account of the 
side motion of the belt, and thus make the commutator wear more 
smoothly, and distribute the oil in the bearings. 

It is always desirable to have belts as pliable as possible; 
hence the occasional use of a good belt dressing -as neatsfoot oil, 
etc. — is recommended, Kosin and other sticky substances are 
sometimes applied to increase the adhesion; but this is a practice 
allowable only in an emergency, as it may destroy the belt surface. 

In places where the belting is very much exposed, and liable 
to catch in the clothing of any person, it is advisable to surround 
it by a railing or box. 

Rope Driving possesses advantages over ordinary belting in 
some cases. Tho rojie runs in V-sbaped grooves in tlie peripheries 
of the pulleys, and thereby obtains a great grip by a sort of wedg- 
ing action. The kinds of rope ordinarily employed for this pur- 
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pose are cotton, beiup, rawhide and wire. The general advantages 
are: 

1. Economy in coat. 

2. Large amount of power that can be transmitted with a 
given diameter and width of pnlley, on account of the grip ob- 
tained. 

3. It is almost noiseless. 

4. Ropes, on account of their lightness, can be used to trans- 
mit power over greater distances than are possible with any other 
form of belting; and also for very short distances on account of the 
wedging action. Manila rojie is generally used in the United States, 
being of three strands, hawser, laid, and may be from ^ inch to 2 
inches in diameter. The breaking strength varies from 7,000 to . 
12,000 pounds per square inch of cross -sect! on. It has been found 
that the best results are obtained when the tension in the driving 
side of the rope is only 3 to i per cent of the breaking strength. 

The diameter of a single rope necessary to transmit a required 
H. F. is given by the formula: 

n.„ >'25H.F. 

in which H. P. =^ horse-power transmitted; 

V =^ velocity of roj)e in feet per second; 
D = diameter of rope in inches. 

The maximum power is obtained at a speed of about 84 feet 
per second. With higher speeds the centrifugal force becomes so 
great that the power transmitted decreases rapidly, and at about 
142 feet per second it counteracts the whole allowable tension 
(^200 D' pounds) and no power is transmitted. 

Arrangement <if lioj'e lii'HiiKj. There are two 'methods of 
arranging rope transmission : one consists in using several separate 
belts; and the other employs a single endless rope which passes 
spirally around tlie pulley several times and is brought back to 
the first groove by a slanting idle pulley, and therefore is called 
the "wound" system. The separate ropes do not require the 
carrying-over pulley, and if one rope breaks, those remaining are 
sufficient to transmit the power temporarily; whereas an accident 
with the single-rope system entirely interrupts the service. In 
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the "mnltirope" flyBtem it is practically impoBsible to make and 
maintaiD the belts of exactly equal length, hence the tensiona on 
the various ropes differ, and they hang at different heights on the 
slack side, producing an awkward appearance. 

Toothed Qearing possesses the decided advantages of positive 
action and the ability to give Ifirge ratios of speed and small side 
pressure on the bearings, Kevertheless it is seldom employed for 
drivinggeneratora. As the most extensive applications of gearing 
for electrical purposes are in connection with railway motors, it 
will be taken up under that heading. 
SHAFTINQ. 

An intermediate or counter shaft is not desirable since it in- 
creases the complication and frictional losses of the system; but it 
is often necessary in the generation or application of electric power, 
either to obtain a greater loultiplication of speed than is possible 
by belting directly, or to enable a single engine or motor to drive 
ft greater number of machines. 

The two important kinds of shaftings are " cold- rolled " and 
"turned." The former is rolled to the exact size and requires no 
further treatment. It has the advantage of a smooth, hard surface, 
but it is ditKcult to make perfectly true and straight. Turned- 
Eteel shafting is most commonly employed, and has the advantage 
that shoulders, jounials, or other variations in size can be easily 
made on it. The following table gives the ordinary data for 
shafting: 

TABLE I. 
Shattlns. 



■ 


Weisht 


AUovBble 
H. P, trans. 


Width of 


• mclii.-s. 




100 r.p. m. 


'z^tr 


li'rt 


r..5 


4.3 




HI 


10. 


10. 




2i\ 


15,8 


20. 




2]l 


23. 


34. 




3,V 


31,5 


54. 




31b 


41. 


80. 


1 


il- 


62.8 


1B6. 


1 


6J 


91.1 


270. 


1 
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With speeds greater than 100 r, p. m., the allowable H. P. varies 
directly in proportion to the speed employed. 

ASSEMBUNQ OF THE MACHINE. 

In unpacking and putting tlie machine together, great care 
should be' used to avoid the least injury to any part, to clean ecru- 
pnlously each part, and to ptit the parts together in exactly the 
right way. This care is particularly importatit with regard to the 
shaft, bearings, magnetic joints, and electrical connections, from 



Pig. 7. 

which every particle of grit, dust, metal chips, waste, etc., should 
be removed. It is advisable to study carefully the blue prints or 
instruction matter usually sent with each machine, before attempt- 
ing to put it together. The armature must be handled with great 
care in order not to injure the wirt-a and their insulation as well as 
the commutator and shaft. The armature should bo handled as far 
as possible by the shaft, and when it must be placed on the ground 
a pad of cloth or layer of boards should be interposed. A con- 
venient form of sling for handling armatures with their shafts in 
position is shown in Fig. 7. The bearings should be carefully 
cleaned, set in exactly the right |>osttionH, and tirmly secured. The 
tops should be left loose for a short time, so that the tendency to 
heat up at the first run may bo decreased; and after that they 
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should be drftwn up tight. The field frame should bs set so that 
the air gap is the same for all pole piecL-s, as otherwise the ma- 
chine will be magnetically mibalunced and tend to spark badly. 
The adjiistiiieiit of the bruahLts, etc., slioiild preferably be 
left until the iiiacbiDe is electrically connttcted and ready to receive 
its trial run. 

METHODS OF WIRING. 
Before laying the wires 'the circuits should be carefully mapped 
out and the work so planned as to secure the simplest arrangement. 
The wiring should then be installed neatly and iti ac<?ordance 
with the rules of the National Board of Fire Underwriters and of 
the local department having supervision. Otherwise unnecessary 
trouble, delay and expense may be incurred. • 

Tlie wire may I)e installed in one of two general nietbods, (.vs.; 



Eipused a 



!CleBtB. 
Knobs. 



' Bushings. 

( WoO'len moulJing. 

Concealed in \ Iron conduit. 

( Terra cotta conduit. 

The wire should preferably be either rubber-covered or made 
np in the form of lead cibles. Exposed wiri's poasfss the advan- 
tagee of cheapness, as well as accessibility for inspection and rejwir; 
and any short circuit or ground is readily seen and removed, 
whereas it might c^nse great uncertainty and delay when the wires 
are concealed,. 

Concealed conductors, especially where they are placed under 
the floor, have the great advantage over exposed wiring, in that 
they are entirely out of the way. This is especially important in 
large installations, where overhead traveling cranes are almost a 
necesBity. 

"Wlien alternating-current conductors are enclosed in iron con- 
duits, both wires of each ])hase, or all the wires, must be run in the 
same dnet, otherwise the inductance would bo excessive. 

All conductors, including those connecting the machine with 
the switchboard, as well as the bus bars on the latter, should be of 
ample size to he free from overheating and excessive loss of volt- 
age. The drop batween the generator and switchboard should not 
exceed J per cent at full load, because it interferes with proper 
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re^alation and adds to the less easily avoided drop on the distribu- 
tion ays tern. 

The sate carrying capacities of copper conductors as recom- 
mended by the Board of Fire Underwriters, are given in the fol- 
lowing table: 

TABLE II. 
Sale Carrylag Capicltles ol Copper WIrci. 



perasf" 


Circular Hill. 


6... 


.... 1,624 


8 :. 


.... 2,583 


16... 


.... 4.107 


23... 


.... 6,530 


32... 


.... 10,380 


46... 


.... 16,610 






77... 


.... 33,100 


92... 


.... 41,740 


110... 


.... 62,630 


131... 


.... 66,370 


156... 


.... 83,690 


185... 


....105,500 


220... 


.... 133,100 


282... 


....167,800 


312... 


. . . .211,600 



0000 210.. 

CircQlar Milg. 

200,000 200 300 

300,000 270 400 

400,000 330 500 

500,000 390 590 

600,000 450 680 

700,000 500 760 

800,000 550 810 

900,000 600 920 

1,000,000 650 1,000 

1,100.000 690 1,080 

1,200,000 730 1,150 

1,300,000 770 1.220 

1,400,000 810 1.290 

1,500,000 850 1,360 

1,600,000 890 1,430 

1,700,000 930 1.490 

1,800,000 970 i.m) 

1,900,000 1.010 1,610 

2.000,000 1,0.50 1,670 

The lower limit la specified for rubber -cove red wires to prevent fn'adua! 
deterioration of tbe high intmlationa by the heat of the wirc^, but not from 
fear of ieniting the icuulation. The question of drop is not taken into cun- 
iiideration in the above tables. 

The carrying capacity of Nos 16 and 18, B & S. gage wire is (fiven, but 
no smaller than No. 14 b to be usod 
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The safe carrying capacity of insulated aluminum wire is 84 
per cent of that given for copper wires of corresponding size and 
insulation. 

Switches are devices for closing and opening the various cir- 
onita or branches of an electrical distribution system. A knife 
switch should always be employed when the capacity of the circuit 
to be controlled exceeds 10 amperes. It may be single-, double-, or 
triple-pole; single- or double-throw; and with or without fuses as 
desired. If the rated capacity of a switch exceeds 25 amperes, its 
terminals must be provided with lugs into which the ends of the 
conducting wires should be soldered. The principal parts of a 
knife Bwitch (Fig. 8) are the h/iseia), which must consist of a non- 
combustible, non-absorptive insulating material; the hinges (6), 
which carry the blades {c); the con tact ^'(T?r« or clips (d); the insu- 
lating cj-ots.lar (e); and the /lart'Ile (/). The hinges, blades 
and jaws should be made of 
pure copper, of sufficient cross- 
section to insure mechanical 
stiffness and proper carrying 
capacity, and their contact sur- 
faces must not be less than 1 
square inch per 75 amperes of 
the rating. The hinges and 
contact jaws must be springy 
enough to insure good contact 
with the blades. The blades 
and jaws must be so shaped 
that tbey open along their entire length simultaneously; other. 
wise the arc which is formed upon opening a loaded circuit, will 
burn off the last points of contact. In fact this arc, when pro- 
duced by a heavy current, is very difficult to control; and switches 
should never he opened on heavily -loaded circuits except in an 
emergency. In practice, however, some form of electro- magnetic 
circuit-breaker is employed for the purpose, and may be operated 
automatically with overload, or by hand at any time. 

Knife switches should be so placed that iji-avity tends to open 
rather than to close them. They should always be located in dry» 
accessible places and grouped as far as possible If located in t>x- 
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poeed poBitiona they should be enclosed ia elate or equivalently 
lined cabinets. The distances between the parts of opposite polar- 
ity, in an approved knife switch, must never be less than the values 
given in the following table: 

TABLB III. 

SwKcii Data. 



126 



Mlniraum Separntioa of 
LESS : Nearest Motal PartBOt 

Opposlto Polaritr. 

For Smtchboards and Panel Boards— 



amperes or less } inch 

:::::::::::::;::::h - 



11-26 

26-60 " 

For Individual Svjitahes- 



11- 
36- 100 
300 



101 



301- 600 



,.1 II 

I- 



601-1,000 '• 

126 TO 250 VOLTS : 
For all Smtches— 

amperes or less li inch 



11- 35 

36- 100 

101- 300 

301- 600 



, .li inch 



■\i ". 



601-1,000 

On switchboards, the above spacinge for 250 volts direct cur- 
rent are also approved for 440 volts alternating current. Switches 
OD switchboards with these spacings intended for use on alternat- 
ing.cnrrent systems with voltages above 250, must be stamped 
with the volti^ for which they are designed, followed by the let- 
ters "A. C." 
251 TO 600 VOLTS : 
For all Stmtche^ — 

10 amperes or less 3} inch 3 inch. 

" " ■ ■ 3i " 



..4i 



Auxiliary breaks or the equivalent are recommended for 
switches designed for over 300 volts and less than 100 amperes, 
and will be required on switches designed yor use in hrcakhig 
currents greater than 100 amperes at a pressure of more than 
300 Tolta. 
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For three- wire Bystema switches, must have the break-diataDCe 
required for circuits of the potential of the outside wires. 

Safety Fuses and Cut-outs- Almost all electrical circuits, 
except those for constant-current arc lighting, are protected from 
abnormal increase of current by safety fuaes, Thess conaist of 
■wires or strips of metal introduced into the circuit, and so designed 
in cross-section and resistaoce that they will melt and open the 
circuit in case of excessive current, befora the rest of the system 
becomes unduly heated. 

The requirements for effective safety fuses may be stated as 
follows: 

1. tbey abould melt at a definite current. 

2. The; should not change in this respect by the effect of time, nor hj 
beating or otber action of the current, nor, in fact, under anj rensonable 
conditiona. 

3. They should act promptly. 

4. Tbcy should give firm and lasting contacts with the tarminiUs to 
which they are attached. 

.These fuses are of two general types; 
(a) Open or link fuses. 
(6) Enclosed or cartridge fuses. 

The open or link fuses (Fig. 9) consist of strips of fusible 
1 



Fig. 9. Pig. 10. 

alloy provided with copper terminals. Each size is designed to 
carry a certain normal current, but will melt and open the circuit 
when the current exceeds that rating by 25 per cent. When a link 

fuse " blows " as a result of overloading, the rupture is accompanied 
by a flash, and by spattering of the fusi'd material. With lai^ 
curn;nts this phenomenon is a source of danger, and the use of en- 
closed fuses is accordingly recommended whenever the rating of 
the fuse exceeds 25 amperes. 

Enclosed fuses (Fig. 10) have a casing around the fusible ma- 
, t«rial, which prevents the dangerous spattering and which also 
smothers the arc that tends to form whenever a fuse blows^ 

Fuai's should always be employed when the size of the wire 
changes, or where connections between any electrical apparatus ftod 
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the conductors are made. They mast be mounted on elate, marble, 
OT porcelaiD bases; and all metallic fittings employed in making 
electrical contacts must have sufficient cross-section to insure me- 
chanical stiifaess and carrying capacity. 

Electro-magnetic Circuit-Breakers or Limit Switches are fre- 
quently used in place of fuses to protect electrical circuits. Their 



Fig. 11. 

general construction and application are indicated in Fig. 11. The 
current is led through a helix A the electro-magnetic action of 
which, when the current reaches a predetermined limit, automatic- 
ally releasee the blades Jrom contact with the jaws and thus ojMjns 
the circuit. The final break occurs at carbon tips, thus preventing 
destmctive arcing at thecopjier contacts. Circuit- breakers possess 
the following advantages over fiisea: 

1. They cau be employed as awltchee irdeelred. 

2. They can easily be reset and thus put Into condition for acttng 
again. 
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3. Their range cun he easil; varied vrithin conriderable limita. 

4. The; caa also be made to operate "tell tales" wbenever tbe drenit 
they eontrol ia opened. 

Oq account of theBe geoerAl advanti^s, their nB6 ie adviaable 
OQ switchboards of BjBteinB that are liable to frequent overloads. 
The circuits, however, ehouM, aa a rule, be provided also with 
fuses, since it is possible that the circnit -breaker may fail to opeo, 
owing to corrosion or other cause. 

Startiiig'Boxes should always be furnished with D. C. motors, 
for the following reaBon: If the line voltage should be applied 
directly to the terminals of the armature while it is standing still, 
a very excessive current would flow, since the resistance is low and 
no 0. E, M, F. exists. Hence, to prevent injury to the winding, a 
resistance is inserted between one supply terminal and the arma- 
ture in order to reduce the electromotive force at the motor terminals 
while it is speeding up, the resistance being gradually reduced 
until completely removed when rated speed is reached. All motor 
starting- boxes must also be provided with a no-voltagre release. 
This consists of an electro-magnet in series with the shunt-field 
cireuit, which holds the rheostat arm in toe operating position as 
long as current flows through the shunt field from the line. If 
the line switch be opened or the shunt.field circuit accidentally 
broken, the device becomes demagnetized and releases the arm, 
which returns to its starting position {all resistance in circuit) by 
the action of a spring or of gravity. The starting- boxes of larger 
motors are also frequently equipped with overload releases. These, 
practically, are electro-magnetic circuit- breakers which o[)en tbe 
8Up])ly lines if the motor becomes greatly overloaded. The general 
arrangement of switches, cut-outs and starting- boxes should be in 
accordance with the following extract from the liules of the 
National Board of Fire Underwriters: 

"Each motor and slarting-boi must be protected by a cut-out and 
controlled by a switch, said switch plainly indicating whether 'on' or 'off.' 
The switch and rheostat must be located within sight of the motor, oicept in 
cases where special permission to locate them elsewhere ia given, in writing, 
by the Inspection Department having jurisdictioa. 

"Where the eireu it -breaking device on the motor-starting rheostat dis- 
connects all ivircs of the circuit, this switch may be omitted. 

" Overload -reloasc devices on motor-starting rheostata will not be con- 
sidered to take tbe place of tbe cut-out required if they arc iuopcratlve during 
tbe starting of the motor. 
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"The switch ie Deceesary for entirely disconnecting the motor when 
not in use; and the cut-out, to protect the motor from excessive currents due to 
accidents or careless haudliog vvheo starting. An automatic circuit-breakor 
disconnecting all wires of the circuit, may, Itowever, serve as both switch and 
cut-out." 

The Various Kinds of Circuit on which motors aod gener- 
atore are commonly used, and the beet type of machine in each 
case, are as follows : 

TABLb iV. 

Types of naehid* for Varh>u> Klnda of CIrculU. 
DIRECT-CURHENT, CONSTANT- POTENTIAL, 
which potential or voltage it kept ennttant; machinei, lampi, t(c, 





teiWFrunfnparaHel. 




Currants 
intended for~ 


PoWntial. 


Generator 
Bhqnid bt^ 


Motor ahoQld be- 


Electro-metal- 
lurgj. 

Incandescent 
lighting. 

Electric railway 
Electric power. 


1 to 160 volts 
/ 110 to 125 volte J 

■) 22b to ^ volts ( 
'(2-or3-wiresys.)' 

] 500 to 660 volts I 


Shunt -wound. 

Shunt- or 

compound - 

wound. 

Compound- 
woiind. 


Not used. 

Shunt -wound for 
constant speed. 

Sometimes series- or 
compound -womid 
for variable speed. 

Series-wound for 

railway. 

Shunt-wound for 

stationary. 



...Sa'K,- 


Current in Amporos. 


Oenerator 


Motor. 


Arc lighting. 


6.8 or 9.6 


Series-wound 
with current 
regulator. 


No longer used. 



Cireuita intended foi" 


Potential In Volts. 


Generator 

should be- 


Motor ia- 




On the line, 
5.000 to 
60,000. 


In the 

machines. 

varying 500 

to 12,000 


Separately 
excited. 


Synohronous 
or Induction. 
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ALTERNATINQ-CDREENT, SINGLE-PHASE. 





AlwuM attea 






Clnniita inteoded for— 


Potential In Toltt. 


should be- 


..Stf;^ 


iDcandesceut 

lighting. 
AiclightiDg. 

Electric power. 


Primary, 

1,000 
or more, 


Secondary, 
104 or 208. 


Separately 

excited. 
Also some- 
times 
cotnpoette- 
wound. 


SjQclironous, 
Induction. 

Series. 
Repulsion. 




Diagrams of Connections are given for eadi important case 
to sLow what is actually required. These merely represent the 
path of the currents in the simplest way, the important thing be- 
ing to have these paths right, and to know which parts oi" wirea are 
to b© connected. The case of plants operating with only a single 
generator will be first considered, and then the parallel or series 
operation of several machines described. 

SKunt Dynamo, Supplying Constant • Potential Circuit. 
A machine of the above type 
is represented in Fig. 12, with 
the necessary connections. The 
bruBhes are connected to the two 
conductors forming the main cir- 
cuit; also to the field-magnet coils 
SA through a resistance -box II, to 
regulate the strength of current 
and therefore the magnetism in the field. A voltmeter is also cou< 
. nected to the two brushes or main conductors, to measnre the volt- 
age or electrical pressure between them. One of the main 
conductors is connected through an ammeter A, which measures 
the total current on the main 
circuit. Thelamps L,ormo- 
tors M, are connected in par- 
allel between the main con- 
ductors or between branches 
from tliem. This representa 
Pig i3_ the ordinary low-tension eye- ' 

tern for electric light and 
power distribution from isolated plants or ceDtn^l etatione. 



Fig. 12. 
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Series Dynamo Supplyins Constant-Current Circuits. The 

coDnectioua in this caee are extremely simple, the armature, field 
coils, ammeter, main circuit, and lamps all being connected in one 
series (Fig. IH), the current be- 
ing kept constant. This system 
used for series D, C. arc light- 




Pig. 14. 



Compound Direct - Current 
Dynamo. This machine is a 
combination of the two forego- 
ing types as regards field wind- 
ing; but its load of lamps and motors are connected in parallel, 
as shown in Fig, 14. The resistance Z ia known as the " series " 
shnnt, and is for adjusting the percentage of compounding. The 
greater the resistance of Z, the greater the current passing through 
the series field, and the greater the compounding. This type of 
ntacbine is must extensively employed in electric railway and in 
isolated plant work. 




Pig. 15. 

Alternating-Current Plants. The connections for a single- 
phase installation are shown in Fig. 15, in which the names of the 
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iifierent parts are giren. Tbia ejetom is extensively uaed for 
lighting over coQBiderable distances, and is very well adapted to 
street railway work. The wiring of a two-phase system is essen- 
tially double that ^ven above, and can be treated as a system con- 
sisting of two single-phase circnits. 

The wiring of a three-phase system is as shown in Figs. 16a 
and 165, the former being known as the "Y" system or "Star'' 



(JT y'^ 



Fig. 16a. 

cyatwm, and the latter as the "Delta" (^) system or *'Mesh" sys- 
tem. When the Y system ia required for both lighting and 
power, it ia arranged as shown in Fig. 16<'. 

The Direction of Rotation of the various machines ia aome- 
timea a matter of doubt or trouble. Almost any generator or 
motor is intended to be run in a certain direction; that is, it ia 
called "right-handed" or "left-handt^" according to whether the 
armature does or does not revolve like the hands of a clock, when 
looked at from the pulley end. Generators and motors are uaually 




Fig. 16t>. 
designed to be right-handed, but the manufacturer will make them 
left handed" if specially ordered. This may be required because 
the other pulley to which the machine is to be connected happens 
to revolve left-handed ; or it may be necessary in order to bring 
the loose side of the belt on top, or to permit the machine to 
occupy a certain position whorn anace is limited. 
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To reverse the direction of rotation of an ordinary shunt (or 

eeries) direct-current bipolar motor, the bruahea may simply be 
reversed as indicated in Fig, 17, without changing any connection. 
This changes the point of contact of each brush tip ISO'. 

If the machine is multipolar, a similar change must be made, 
amounting to 90^ in a four-pole, 45" in an eight-pole machine, etc. 




Fig. I8c 
The direction of the current and the polarity of the field magneta 
remain the same as before; all that is changed is the direction of 
rotation and the position of the brushes. This applies to any 
.machine (either motor or generator) except arc dynamos and one 
or two other peculiar machines, which require to be run in a cer- 
tain direction to suit the regulating apparatus. 

A separately excited alternating-current generator can ba re- 
versed in direction of rotation without changing any connection. 
A self -exciting or compound-wound alternator requires the brushes 
that supply the direct current to the field to be reversed upon the 




Fig. 17. 



an angle as above 



commutator, and their tips moved throng! 
stated, if the rotation is to be reversed. 

In any case, copper brushes (unless they be gauze brusheB 
pressing radially upon the commutator) should point in the direc- 
tion of rotation; but carbon bruahea, particularly if they are per- 
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pendicnlar to the surface of the commntator, allow the armature 
to be revolved in either direction. 

If the direction of the current from agenerrtor ia opposite to 
that desired, the two wires leading from it should exchange places 
in the terminals. If this is not desirable, the residual magnetism 
may be reversed by passing through the field winding a current 
opposite in direction to the original current. 

Changing the direction of the current by reversing the main 
wires or otherwise, does not reverse the direction of rotation of 
any motor, since it reverses h»th the armature and the field. The 
way to reverse the direction of rotation is to reverse either the 
armature or the field connection alotu; leaving the other the same 
aa before. 

Examlnatioii before Starting. The machine should be. 
cleaned throughout, especially the commutator, brushes, electri- 
cal connections, etc. Any metal dust on the commutator or near 
electrical connections should bo removed, as it is very likely to 
cause short circuits or grounds; Examine the machine carefully, 
and make sure that there are no screws or other parts that are loose 
or out of place. See that the oil-cups have a sufficient supply of 
oil, that the passages for the oil are clean, and that the feed is at 
the proper rate. In the case of self-oiling bearings, the rings or 
other means for carrying oil should work freely. See that the belt, 
if used, is in place, and that it has the proper tension. If the ma- 
chine is being started for the first time, it should be turned a few 
times by hand, or run very slowly, in order to determine whether 
the shaft revolves easily and the belt runs on centers of pulleys. 

The brushes should be carefully examined, and adjusted to 
make good contact with the commutator at the proper point, the 
switches connecting the machine to the circuit being left open. 
The machine should then be started with care, and brought up to 
full Bi)eed gradually, if possible. The person who starts either 
a dynamo or a motor should closely watch the machine and every. 
thing connected with it, and should be ready to throw it out of cir- 
cuit and stop it instantly if the least thing seems to be wrong. lie 
should then be sure to find out and correct the trouble before start- 
ing again. 

StartiiiK a Generator. A generator is usually brought up to 
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Bpeed either by starting its engine or other prime mover, or by 
connecting it to a source of power already in motion, The former 
should be attempted only by a person competent to manage steam 
, engines or the prime mover in question. The mere mechanical 
conoeeting of a generator to a soarce of power is usually not dif- 
ficnlt; but it should be done carefully and intelligently, even if it 
only requires throwing in a friction- clutch or shifting a belt from 
<>n idle pulley. To put a belt on a pulley in motion is difficult and 
dangerous, particularly if the belt is large or the speed is high; 
and should not be tried except by one who knows just how to do 
it. Evea if a eticfc la used for this purpose, it is apt to be caught 
and thrown around by the machinery unless used in exactly the 
right way. 

In many cases generators are brought to full speed before the 
brushes are put in contact with the commutator; but this is not 
necesgary. If the brushes are in contact before starting, they can 
W more easily and perfectly adjusted, and the E. M. F. will come 
up elowly, so that any fault or difficulty will develop gradually and 
can be corrected, or the machine stopped, before any injury is 
done. In fact, if the machine is working alone on a system, and 
ia absolutely free from any danger of short-circuiting any other 
machine or storage battery on the same circuit, it may be started 
while connected to the circuit, but not otherwise (see next article). 
"With a large number of lamps connected to the circuit, the field 
magnetism and voltage might not be able to " build up " until the 
line is disconnected. 

If one generator is to be connected to another or to a circuit 
having other generators or a storage battery working upon it, the 
greatest care should be taken. This coupling together of genera- 
tors can be done perfectly, however, if the correct method is fol- 
lowed, but is likely to cause serious trouble if any mistake is 
made. 

Two or more machines are often connected to a common 
circuit. This is especially the case in central Bt8.tion8 where the 
load varies so much that, while one generator may be sufficient for 
certain hours, two, three, or more machines may be required at 
other times. The various ways in which tliis is done depend upon 
the character of the machines and of the circuit. 
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Oenerators may be connected tK^ther either in parallel or is 
seriee. 

Oenerators In Parallel. Id this case the -p (positive or plue) 
terminals are connected together or to the aame line, and the - 
(negative or minuB) terminals are connected together or to the other 
line. The carrenta (/. e., ampferes) of the machines are thereby 
added, but the E. M. F. (volts) is not iiicreaaed. The chief 
condition for the running of generators in parallel ia that their 
voltages BhftU be equal, but their current capacities may be 
different. 

For example: A generator producing 10 amperes may be 
connected to another generating 100 amperes, provided the 
voltages (^ree. Parallel working is therefore suited to con- 
stant-potential circuits. A generator to be connected in parallel 
tvith others or with a storage batterj'^ must first l>e brcaght up 
io its proper sjiecd, E. M F., and other working condilions; 
otherwise it will short-circuit the ::yptom, and might burn out its 
armature. Hence it should aut be connected to a circuit in 
parallel with others until its voltage has been tested and found 
to be equal to, or sliglitly (not over 1 or 2 per cent) greater than, 
that of the circuit. If the voltage of the dynamo is less than that 
of the circuit, the current will flow back through it and cause it 
to run as a motor. The direction of rotation is the stme, how- 
ever, if it is shunt-wound; and no greitt harm results from a 
slight difference of potential; but compound- wound machines 
require more careful handling. 

Direct-Current Dynamos In Parallel are always Shunt- 
Wound (or Compound- Wound). Tlie lest for equal voltages maybe 
made by first measuring the E. M. F. of the circuit and then 
of the machine by one voltmeter; or two voltmeters, one connected 
to each, may be eomjared (Fig- IS); or a dilferential voltmeter 
may Ixs used. Another method is to connect the dynamo to the 
circuit through a high resistJinee and a galvanonieter; and wlieii 
the latter indicates no current, it shows that the voltage of the 
dynamo is equal to that of the circuit. A rougher and simpler 
way to do this is to raise the voltage of the dynamo until its 
"pilot-lamp," or other lamp fed by it, ia fully as bright as the 
lamps on the circuit, and then to connect the dynamo to the cir- 
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cuit. Of course tlie lampd compared sboald be intended for the 
same volt^e and in normal condition. Be Bare to connect the 
positive terminal of the dynamo to the positive conductor, and 
the negative terminal to the negative conductor (Fig. 18) ; otber- 
wiae there will be a very bad abort circuit. 

"When tbe dynamo is first connected in tbia way, it should 
supply only a Email amount of current to the circuit (as indicated 
by its ammeter), sod its voltage 
should then be gradually raised 
until it generates its proper share 
of the total current; otherwise it 
will cause a sudden jump in the 
brightness of the lamps on the 
circuit. 

Series-Wound Dynamos in 
Parallel Not Used. If the ma- 
chine is series-wound, the back 
current just described would 
cause a reversal of iield mag- 
netism and a very bad short cir. 
euitof double voltage. In fact, 

series dynamos in parallel are in unstable equilibrium, because if 
either tends to generate too little current, its own fii'M, which is ■ 
IQ series, is weakened, and thus still further reduces its current and 
probably will reverse the machine. This arrangement is therefore 
not used. One way in which this difficulty might be overcome is 
by causing each to excite the other's field magnet, so that if one 
generates too much current, it strengthens the field of the other 
and thus counteracts its own excess of power. 

Another plan is to excite both fields by one machine, or, bet- 
ter, by both machines jointly, which is accomplished by connecting 
together the two + brushes and the two - brushes TL-apectively, by 
the line and by what is called an equalizer (Fig. 19). In this way 
the electrical pressure at the terminals of the two armatures is 
made the same, and the currents in the two fields are also made 
equal. Series machines are not often run in parallel, but the prin- 
ciples just explained help the understanding of the next cast^ 
which is very important. 



Fig. 18. 
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Fig. 19. 



Compound Dynamos in Parallel. Since the field magnets of 
these inachtOea are wound with serieB coils as well as with shnat 
ooils, the conpling of them is a combination of the shunt and 
series cases just described. 

The manner of connecting two or more compound dynamos to 
operate in parallel, is represented in Fig. 20, A being the armatnre, 
B the Beries, and C the ehunt-field coils. E is the shunt-field 
rheostat; D and F are switches 
connecting the main terminals 
of the' machine with the bus 
bars G and I, respectively; and 
E ia a switch to connect the 
equalizer H with the brush end 
of the series coil B. 

Assume that machine N0..I 
is already in operation with its 
switches D, F, and E closed, and 
that it is desired to have machine No, 2 thrown in circuit. Tho 
procediire is as follows: 

Bring machine No. ! 
pressure by moaEis of the 
greater (about 1 per cent) than the difference of (Wtential between 
the bars G and I. This fact may lie ascertained by comparing two 
voltmeters connected to the dynamo and to the bus bars respec- 
tively; or by means of a single voltmeter connected -through a 
double- throw switeh, first to one and then to the other, which avoids 
tho error due to a difference between two instruments. Another 
plan is to employ a differential voltmeter, that is, one having two 
windings on the movable coil, so that it indicates directly the 
difference in voltage between the two parts of the system. 

After the pressure of tho iiicoiniiuj dynamo has been prop- 
erly regulated, the thR'c switches E, F, and D are closed in the 
order named. If these points should bo closed simultaneously by 
means of a triple-pole switch, a considerable current might flow 
through tho series field winding, tending to increase still further 
the voltage of this dynamo, at the same time taking current away 
from the series coils of the other miichines, and thereby reducing 
their potential. The shifting of the load thus produced might be bo 



up. to its rated speed, and adjust its 
I abunt-Held rheostat until it is a little 
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sudden and so great as to be objeetionablo. This action, howerer, 
is not of Eaflicient importance to overbaknce the many advantages 
afforded by the use of a Bvitch in which the three are combined 
aa a triple-pole switch, thus guarding against the possibility of 
any accident due to closing the wrong circuit first. 

After the machines have been thrown in parallel, their volt- 




Fig. 20. 

ages shoald be adjusted by the shunt-field rheostats so that tho 
load is properly divided between them. 

Compound dynamos of different size or current capacity may 
also be conpled as described, provided, of courEe, their voltages are 
equal; and provided also that the resistances of the series field 
coils, tt^tber with their leads to the bus bar, are inversely pro- 
portional to the current capacities of the several machines; that is, 
if a dynamo produces twice as much cnrrent, its scries coil and 
lead should have half the resistance. It is further necessary that 
the two machines should agree in their action, so that a given in- 
cntuMi ia load will produce the eame effect upon their voltages. 



ibyGoogle 



34 MANAGEMENT OF DYNAMO-ELECTRIC MACHINERY 

If they are not in agreement, they may be adjusted by slightly in- 
creasing the resistauce of the series coil of that machine which 
tends to take too large a share of the load. This may be done by 
simply interposing a few extra feet of conductor of the same cur- 
rent capacity as the series coil, between the latter and the main 
conductor or bus bar. The shunts which are almost always used 
to adjust the effect of the series coils in compound dynamos 
(shown at Z in machine No. 1, Fig. 20), operate properly in the 
case of machines working singly, but are worthless for machines 
iu parallel. The reaiataneea of the series coils t/tcmsnlves must be 
adjusted as explained above, when two or more compound ma- 
chines are run in parallel. The use of iron for this shnnt makes 
the compounding effect in the dynamo more uniform, because its 
resistance, rising as the current through it increases, throws a 
greater fraction of the current through the series coils at full load, 
and compensates for the fact that the field magnetism, and conse- 
quently the voltage, does not increase proportionately with the in- 
creasing load current. 

Shunt-wound dynamos run in parallel tend to steady each 
other, for, if one happens to run too fast, it has to do more work, 
which opposes the increase of sjieed ; and it also takes part of the 
load off the other machineii;, which makes them run faster, thus 
producing equality, Tliis mutual regulation will take care of any 
slight difference betweiiq machines, such as that caused by the slip 
of the belt, or even small ditTerenees in the governing action of the 
different engines that may be driving them. Componnd-wound 
dynamos have very much less mutual regulation, owing to the 
effect of the series coil ; and it is necessary that their speeds, vol- 
tages, etc., should regulate much more exactly than with simple 
shunt machines. They often work badly together owing to care- 
lessness or to imperfect agreement between them, but with proper 
care and good apparatus they run well in parallel. 

If generators are located at considerable distances from the 
switchboard, the equalizing connection may be run directly from 
one machine to the other with the equalizing switch (E, Fig. 20) 
on the frame of each, instead of running to the switchboard. This 
Baves cop]>er, e8j>ecially in the case of large generators. 

Alternators in Parallel, To run two slternatora in parallel, 
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Bereral cooditionB have to be falfilled : ' The iDooming macbine — 
as in tlie case of direct^cnrrent maehiDee — mnst be bronght ap to 
Dearly the same voltage aa the first one; it must operate at ez- 
actlj the same frequency ; and, at the moment of Bwitching io 
parallel, it must be in phase with the Qrst machine. This corre* 
epondence of freqaeocy and phase is called synchronism. 

It is impossible with mechanical speed-measuring ioBtrD' 
ments to determine the speed as accaratelj as is necessary for this 
purpose. There is, however, a very simple method of electrically 
determiniog small differences in speed or frequency. la Fig. 21, 
let M and N represent two eingle-phase aUernators, which can be 
connected by means of the single-pole switch AB Acroaa the 
terminals of the switch is connected an iQcaudeBcent lamp L, capa- 
ble of standing twice the voltage of either machioe. When AB 
is open, the circuit between the 
machines is completed through 
L. The two machines may l)e 
connected in parallel as follows: 
Assuming machine M already in 
operation, bring up machine N '^' 

to approximately the proper s|)eed, and voltage ; then watch lamp L, 
If machine N is running avery little slower or faster than machine 
M, the "lamp L will glow for one moment and be dark the next. At 
the instant when the voltages are enual in pressure and phase, L 
will remain dark; but when the pbas<« are displaced by half a 
period, the lamp will glow at its maximum brilliancy. Since the 
flickering of the lamp is dependent upon the difference in fre- 
quency, the machines should not be thrown in parallel while this 
flickering exists. The prime mover of the incoming machine must 
be brought to the proper Bpcedjand the nearer machine N ap- 
proaches snychronisni, the slower the flickering. When it is very 
slow, we can use the moment the lamp is dark to throw the ma- 
chines in parallel by closing the switch across AC The machines 
are then in phase, and tend to remain so, since if one slows down 
tlie other will drive it as a motor. It is better to close the switch 
when the machines are approaching synchroniam than when they 
are receding from it, that is, at the instant the lamp becomes dark. 
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TbiB mutbud of Bynchronizing is opap to the following ob. 
jectiona; 

(a) The lamps maf be dark witb coaaiderabte djFFerence in voIlaKO, 
For instance, a llO-voIt lamp ;b dark vfitb a pressure of 20 to 25 volta. 

(b) The Inmp mny be dark owing to a broken Olament. 

It may thus happen, with this ftrrangemeiit, that the ma- 
chines ere placeu Iti parallel 
while there ia a considerable 
difference of voltage or phase 
exiBting, and an eKuessi™ rush 
of current, will result. 

A method not open to the 

above objections is shown in 

I to be Bwitehed in parallel are each con. 
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Fig. 22 



Fig. 22. The macbin 

nected to the bus bars by means of double.pole switchfls. Two in. 
candescent lamps, of the machine voltage, are cross-con nected u 
shown. If the machines are in phase and tb« volt^es generated 
are equal in value, the difference of potential between A and 
a given point is the same as that between A' and the same point; 
likewise B and B' have fue ::'»me relative potential values, Uence 
a lamp connected between A 
and B' would born with the 
same brilliancy as if it were 
connected directly across AB; 
likewise with the other lamp. 
If, however, the machines 
happen to be directly opposite 
in phase but to be generating 
voltage of the same value, A 
and B' are of the sume relative . 

potential value, and B and 

A' are likewise of the same value; hence lamps ci'oss- con nected as 
in Fig. 22 would be dark. At any other phase difference the 
lamps will glow, but not so brightly as when in phase. Hence, 
with this arrangeiuent, the machines should be thrown In parallel 
when the lamps are on the verge of maximum brlghtneaa, a eon. 
dition readily determined, but not possible with the first method. 
The CI .jnwJ.zn^ as shown in Figs. 21 and 22 are not directly 
applicable to high' tension working, but require the iotrodac- 
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> each other or to the 




Fig. 24. 



tion of transformera as shown in Fig. 23, which is a modification 
of Fig. 22. The secoudaries (of, aay, 50 volts each) should be eon. 
nected in series with each other and to ono 100- volt lamp. When 
the two machines are opposed in phaso, the lamp is dim. If the 
lamp flickers badly, tlie phase is not right; but if the lamp is 
steady at full brightness, the machines are in phase, aiid they may 
be conoected without disturbing the circuit, by closing the main 
switch. 

It alternators are rigidly connected 
engine, so that they necessarily 
run exactly together, there is no 
need of bringing them into step 
each time, but they should be 
adjusted to the same phape in 
the first place. 

The connections of the synch- 
ronizing lamps of a three-phase system are similar to those for a 
single-phase system. For instance, thj method employed in 
Fig. 21 may be extended, and lamps connected as in Fig. 24. If 
the three lamps simultaneously become dark or bright, the con- 
nections are correct, and the three switches may be closed at an 
instant of darkness. It may happen, however, that the lamps 
do not become bright or dark simnltaneonsly but successively 
This indicates that the order of connection of the leads of one 
liachine does not correspond with that of theother. In thiscase, 
transpose the leads of olie machine until the pi'oper or simultane- 
ous action of the lamps is obtained. After the machines have been 
properly connected, it is suf- 
ficient to synchronize with one 
of the lamps. Similarly, with 
high-tension systems, only a 
single-phase transformer is re- 
quired, connected as shown in 
Fig. 25. 

Generators in Series. This 
arrangement is less common 
than parallel working, and does not usually operate so well, ex- 
cept ViUi 8Wi«8'W0UDd machinee on arc circuits, whicli is very 



Fig. 25. 



ibyGoogle 



38 MANAGEMENT OF DYNAMO-ELECTRIC MACHINERY 



BOCceBBful. The conditions are exactly opposite to those in the 
preceding group — generators in parallel. 

To connect machines in series, tiio positive terminal of one 
must of course be connected to tho negative terminal of the next, 
and BO on. Each must have a current capacity eijual to the max- 
imum current on the circuit, but they may differ to any extent in 
E. JI. F. The voltages of machines in series are added together; 
and therefore danger to persons, insulation, etc., ia increased in 
proportion. 

Series-Wound Direct-Current Dynamos in Series are con- 
nected in the simple way n-presentefi in l*"ig. 20; but, usually 
machines connected in serif's are for arc lighting — for example, 
when two dynamon, each of +0 lights cajwcity, are run on one cir- 
cuit of 80 lamps, in which case the dynamos usually have some 




form of regulator. Tlu'se regulators do not usually work well to- 
gether, becaUKe they are apt to "seesaw" with eneh other. This 
difficulty may be overcome either by connecting tho regulators so 
that they work together, or by setting ono rcgnhitor to give full E. 
M. F. and letting the other alone control the curivnt. Tiiis latter 
plan can be followed only when the variation in tojul does luit ex- 
ceed the power of ono machine. Contitant-curreiit dvnamos hav- 
ing reffiilalors with little ineriia in the moving pai'trt, and thus little 
tendency to "overshoot," sneh as tlie JSnii^h inaehine. can be run 
in series without much t:'ijub!e. 

Shunt or Compound Dynamos In Series run well, provided 
the shunt-field coils are connccled together to form one shunt 
across both niiichine,-:. If the niaehines are ei>in[K)und, all of the 
series coils muat bo connected in aeries with the main circuit. 
Another plan is to connect each shunt Held so that it is fad onlv 
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by the ariDatnre of tlie other maohiae ; or both the shunt coils may 
be connected bo as to be fi-d by one armature, the Beries coils being 
in the main circuit as before. 

Alternators in Series. The synchronizing tendency which 
makes it possible to run alternators in parallel, causes them to get 
out of step and bet'onie opposed to each other when it ia attempted 
to run them in series. It is therefore impracticable to run them 
in series unless their shafts are rigidly connected so that they must 
ran exactly in phase and thus add their waves of current instead 
of counteracting each other. This case rarely occurs. 

Dynamos on the Tliree-Wire System ( Direct-Current). In 
the ordinary tbrce-wire system 
for incandescent lighting and 
power service^ no pvrticular pre- 




^ 



Fift. 27a, 



cautions are required in starting 
or connecting thenuv.-hines; and 
either of tbo two arrangements 
shown in Figs. 2~<t and '2~Ii may 
be adopted. The two sides of the 
system are almost inde[iendent of each other, and form practically 
separate circuits, for which the middle or neutral wire acts as a 
common conductor. There if, however, a tendency for the dyna- 
mos (Fig. 27(7} to be reversed in 
starting up, in shutting down, or 
in the case of a severe short cir- 
cuit. This can be avoided by ex- 
citing the field coils of all the 
dynamos from one side of the 
system, or from a separate source. To obtain good regulation, it is 
necessary to balance the load equally on both sides of the system. 
It is advisable to "employ ~20-volt motors on 110-volt 3-wire 
systems, and to connect theni across the outside conductors so that 
the motor load shall not nnlmhuice the syslem. 

KINDS OF MOTORS, CONNECTIONS, AND STARTING. 

The general instructions relating to the adjustment of brushes, 
screws, belt, oil-cups, etc., given in relation to the generator, sboultl 
be carefully followed preparatory to starting a motor. The actual 



Fig. 276, 
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startiDg oF a motor ie nsnaUy a iimplo matter, Binca it oonaista 
merely in operating a switch; but iD each cage there are ono or 
more important points to be oouaidered 

CONSTANT-POTENTIAL D. C. CIRCUITS. 

5hunt-Wound Motor, A motor to operate at nearly constant 
Bpe«id, with varying loadB, on a T). C. constant-potential system 
(110- or 220-yolt lighting circuits) is usually plain sbunt-wound. 
rhis is the conmionest form of stationary motor. The field coils 
are wound with wire of such a size as to have the proper resistance 
and resulting magnetizing current; and since the potential applied 
is practically constant, the field strength is constant. 

In starting shunt motors, no trouble is likely to occur in con- 
necting the field to the circuit. Tbe difficulty is with the armature 
current, because the resistance ot tfie armature is very low in 
order to get higher efiiciency and constancy of speed, and the rush 
of current through it in starting might be twenty or more times 
the normal numlier of amperes. To avoid this excessive current, 
motors are staftcd on constant-potential circuits through a rheostat 
or " starting-box " containing reiiistance coils. 

The main wires are connected through a branch cut-out (with 
safety fuses), and preferably also a double-pole knife switch Q, to 
the motor and box, as indicated in Fig, 28. "When the switch Q 
is closed, the arm S being in its left-hand |)osition, the field circuit 
is closed through the contact stud _/", and the armature circuit la 
closed through the resistance coils a, a, a, which prevent the rush 
of current referred to. ' The motor then starts, and as the speed 
rises it generates a counter E, M. F., so that the arm 8 can be 
turned as shown until all the resistance-coils a, a, a, are cut ont, and 
the motor is directly eonnectiid to the circuit and running at foil 
speed. The arm S should be turned slowly enough to allow the 
speed and counter £. M. !<'. to come up as the resistances a, a, a 
are cut out. The ar?n 8 should positively close the field circuit 
first, BO that the magnetism reaches its full strength (which may 
take several seconds) before the armature is connected. 

In the arrangement shown in Fig. 28 the release magnet has 
its coils in series with the field. As long as the motor is in 
operation, the core is energized and the arm B is held in the poBi. 
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tlon shown. If, however, the cnrrent supplied to the motor is 
cat off and the motor comes to rest, the core of the magnet loses 
its attractive force, and the arm S is released, being automatically 
moved back to the starting position by a spring. 

The coils a, a, a are made of comparatively fine wire, which 
can carry the current only for a few seconds in a " starting- box;" 



^^aa» magnef 




Fig. 28. 

but if the wire is large enough to carry the full current continu- 
ously, it is called a " regulator ," because the arm S may be left bo 
that some of the resistances n, a, a remain in circuit, and they will 
have the effect of reducing the speed of the motor, which is often 
very desirable. 

In some cases where n circuit is used exclusively for a single 
motor, the speed is regulated without heavy resistances by varying 
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the E. M, F, of the dynamo which supplies tlie circuit. The 
dynamo regulator is then placed near the motor. The advantage 
is that the regulator is not compelled to control a heavy currunt, 
bnt a special circuit of unvaried pressure must be provided to keep 
the field of the motor constant. 

The speed control of a ahunt motor may be simply obtained 
as follows: 

a. For lower spcnls, insort rcsiatnnce in eerica with the armature 
circuit. The resulting I. R. drop reiiuees tlie value of the voltage applied to 
the armature terminals, and tluis reduces the speed, 

6. For higher speeds, insert rcr'islanec in the Eluiiil-Geld circuit. Thia 
reduces the maguetic flux, and to generate the same C. E. M. F. the motor 
must apceil up. 



F]-- 1:0. 

The field circuit of a shunt motor should never be ojiL-ned 
while pressure is stiU applied to the armattire terminals, as under 
these conditions the armature current becomes very excessive and 
the armature is likely to race and probably be damafred. A mod- 
erate decrease in field strength only is allowable ; otherwise spark- 
ing becomes excessive. 

Series-Wound Motor. The ordinary electric railway motor 
on the 550-volt trolley system is the chief example of tlie class 
(Fig. 29.) Motors for fans, pumps, or electric elevators and hoists 
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are either of this kind or of the compound type. A rush of cur- 
rent tends to occur when the series type of motor ia started, similar 
to that in the case just described ; but it is less, because the iield- 
coila are in series, so that their resistance nnd self induction reduce 
the excess. Furthermore, the counter E. M. F. is greater even at 
low speed iHicanse the heavy current produces a strong field. 

The connections as indicated in Fig. 80 are very simple, the 
armature, fietd-coils, and rheostat all being in series and carrying 
the same current. 

The series-wound motor on a constant- poteotial circuit does 
not have a constant field strength, and does not tend to run at con. 




Fig. 30. 

slant speed, like a shunt motor. In fact it may "race "and tear 
itself apart if the load is taken off entirely; it is therefore suited 
only to railway, pump, fan, or other work where variable speed is 
desired, or where there is no danger of the load being removed or 
a belt slipping off. It is also used where tlie potential is subject 
to sndden and large drops, as on the ends of long trolley cii-euits, 
because iu such a case a shunt motor becomes momentarily a gen- 
erator and sparks very badly. The fields of series motors are 
sometimes "overwound," that is, so wound that they will have 
their full strength with even one-half or one-third of the normal 
current. The objects are to secure a nearly constant sjwed with 
varj-ing loads, to enable the motor to run at high efficiency when 
drawing email currents, and to prevent sparking at heavy loads. 

In mnlti[)o!ar motors having more than two field-coils, thp 
coils are all connected together, and are equivalent to the single 
pairs of coils shown in the several diagrams. Being separated, 
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however, it ia sometimes necessary to trace oat the connections. ' 
I'ig. 31 represeotB the necessary coDDectiona for a four-pole motor, 
shunt-wouud and eeries- wound. 

Differentlslly-Wound Motor. This Is a Bhont-wonnd motor 
with the addition of a coil of large wire, on the field, connected in 
series with the armature in aiu-h a way as to oppose the magne^ 
tizing effect of the shunt winding and weaken the field, thus 
causing the motor to speed up when the lead is increased, as an 
offset to the slowing-down effect of load. 

It was formerly used, for obtaining very conBtant speed, hut 
it has been found that a plain shunt motor ia sufficiently constant 
for almost all cases. The differential motor, if overloaded, has 



Shmt-woimd Uatot, Serios.«DUad Motor. 

Fig. 31. 
the great diaadvantagu that the current in the opposing (series) 
field-coil becomes so great as to kill tlio field magnetism; and 
instead of increasing or keeping iip its sp^ed, the armature slows 
down or stops, and is likely to burn out; whereas a plain shunt 
motor can increase its power greatly for a minute or so when over- 
loaded, and wiH probably throw off the belt or carry the load until 
the latter decreases to the normal amount. 

Compound- Wound riotor. Tbia typ of motor- is also pro- 
videil with a shunt and a aeries-field winding, Fig. 82, but in this 
instance they magnetize the field in the same direction, or, in othei 
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words, their efFect ia cumulative. This type of motor j)osaeeBeB 
the powerful starting torque feature of the series motor, but a less 
variable speed with varying loads. It is employed where a great 
starting torque and a fairly uniform runningspeed are required, as, 
for example, with electric hoists or elevators. 

Dynamotors, Fig. 33, and also motor-generator sets, are 
started in the same way as motors ; that is, the motor portion of 
the machine is connected to the circuit and operated precisely like 
the corresponding kind of motor, trsually the motor part is plain 
shunt- wound, and is Bujiplied with current from a constant- poten- 
tial circuit. It is therefore connected and started in the manaer 
shown and described on page 40, 

The current generated by the dynamo portion of the dyna- 
motor may bo taken from the terminals, and used for any purpose 
to which it is Buityil. The E, JI, F. or current produced may be 
regulated by varying the resistance in the armature circuit of 
either the motor or dynamo. In case the dynamo armature has a 
se|)arate field magnet, the E. JI. F. and current may be controlled 
by regulating the magnetic strength of this field, or the machine 
may be comjiounded or even " over-compounded." But if the 
armatures of both motor and dynamo are acted upon by the same 
field, the E. iL F. of the dynamo cannot be varied except by 
inserting resistances in the circuit of either armature or by shift- 
ing the brushes. But the latter method will bo likely to cause 
sparking. 

ALTERNATING-CURRENT MOTORS. 
Altewi at ing, current motors operate on constant-potential cir- 
cuits, since almost all A. C. systems are of this kind. There are 
several tj-pes of these motors, the simplest of which is the scn,'g 
■ tiutchine for single- pliiif^e current. This is similar to the cor 
respouding D. C. motor, except that its field must be laminated- 
It possesses the characteristic of large starting torque and lends 
itself to variable s|K;cd control like its dirt^t current counterpart 
and is coming into use very rapidly for electric railway work. 
Both the General Electric and the Westiiighouse Electric and 
Manufacturing Companies have placed such machines npon the 
market and they are already in operation on a number of electrio 
roada where they are giving satitif action. 
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ThiB type ot motor while retaining practically all the advan 
tages of the direct-current aeriea motor for electric railway work 
permits the use of alternating current on the trolley with all its 
attendant advantages. A frequency of 25 seems likely to become 
the standard for such work. The cars can be oj)erated on existing 




Fig. 34. 
direct- current lines and th? multiple unit control system can tic 
applied to cars equipped with single-phase motors. 

An ordinary aiugle-pliaae alturnator can be uaed as a motor; 
but it must first be brought op to synchronism with the supply 
generator by means of some auxiliary startiug devict? (steam engine, 
polyphase induction motor, etc.) before the load can be applied. 
In this form the machine is known as tho sliujle-pfiane sijnr.hron- 
ous tnDtiiT. The condition ot synchronism is determint'd by one 
of the methods described in the paragraph on "Alternators in 
Parallel." After the motor is in synchronism it may be connected 
to the circuit by closing its supply switch; and it will then con- 
tinue to run at an absolutely constant speed, unless heavily over- 
loaded, when it falls out of step and stops. 

On account of these features, the synchronous motor is not to 
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be recommended for general application. Various manufacturere, 
notably tlie "Wagner Electrit: Company, and the Fort Wayne Elec- 
tric Company, manufacture self-starting, single-pliase synchronoua 
motors, usually limited, however, to tlie smaller sizes. The con- 
struction and action of the Fort "Wayne motor (Fig. 34), which is a 
combination of the two preceding types, are aa follows: The 
armature core ia provided with a double winding, ono equipped 
with collecting rings, and the other with an ordinary commutator. 
The field magnet, which is laminated, ia wound willi two separate 
circnitB, one being of h)w resistance and a small number of 
turns, the other of high resistance and many turns, like an ordi. 
nary shunt-field winding. In starting, the motor rune as b 
series machine, the low-resist- 
ance field being in series with the 
coinmntated armature winding 
and the line. When it has 
reached synchronism, the switch 
A, on the top, is thrown over to 
the right, and the supply line 
connected with the collector 
rings and the corres|)onding ar- 
mature winding;while the com- 
mutjiled end is connected to the 
otlitT field winding, and thus 
provides tlie din-ct eurrent nccessury for titld excitation. 

In addition tothe si ngle-plmse there ia aho the ji"!^jifiiix-j xijn- 
chiuiiii'ns motor. This latter form, however, is self-starting without 
field current, but will not carry a lojid until it is running in syn- 
chroniain. When this condition is reached, the field circuit should 
be closed before ajiplying the load, 

A great advantage of the synchronous motor is that when its 
field is over-e:^eited, it draws a leading current from the line, thus 
acting like a condenser and tending to neutralize the inductive 
effect of other unii'liirn-ry, so th;it the power factor of the whole 
system is raised. The most extensive use of tlie synchronous motor 
ia as a ]iart of the rotsiry converter, wliicli ia employed to coi.rert 
alternaliiig iii.to direct currents, for traction and elcctro-'.'hemicftl 
purposes, 
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The BHtisfactory iiae of Hlteniating eiirrnnta for powur jmrposoa 
a mainly on the poli/ph'txn iiuluctlim motiir,a» in thia form 
Uie A. C. motor is Sftlf-etarting with conGidttrahle torque and oper- 
atsi at a practically constant Bpcwl from no load to a heavy over- 
load. Induction motors are di'signed for tlio standard voItageB 
and frequencies. 

In moat induction inotur^ now built, the primary, or part into 
which th:i currents from tliu line are led, is the stationary member, 
or atatoi: The secondary, in which the induced currents are set 
up, is the rotating nioiuber, or rotor. There are two kinds of rotor 



Fig. 36. 

windings, the simpler being that known as the "squirrel-caire. " 
This winding is made up of a number of cop|)er bars, equally 
spaced around the rotor core, and imbedded therein. The termin- 
ala of these inductors are interconnected, or ehort-cii-cuited, by 
means of heavy copper rings placed at both ends of the core, as 
Bhown in Fig, 35, 

The other form of winding is of the drum species, usually 
three-phase, Y-connected; and the coils are located at 120' inter- 
vals (the are between centers of ailjacent poles being called IKO') 
with respect to each other. The free ends of the windings are 
respectively brought out to three slip or collecting ringH ; and on 
thia.account this ty[>e of rotor is frequently cnlled the " slip-ring" 
rotor (Fig. 30). 

starting Induction ]V\otors. In small ^y/x-s, up to '^ or 5 II. 
P., the induction motor can bo siarted by ooimecting its stator 
terminals directly to the line. But with larger sizes the iQrnaii 
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of current la exceasive and likely to disturb the system ; accord- 
ingly some form of starting device is usually necessary.* 

Starting Compensators. This inrush of current can be 
avoided by inaerting a starting resistance, or inductance, in series 
with the primary winding and the line, or by using some other 
means of cutting down the applied E. M. F. Tlie torque of an 
induction motor decreases as the square of the applied voltage, so 
that this method of starting results in a greatly reduced starting 
effort. However, in many ipstancea, motors are not started up 
under full load, so that this may not be a serious objection. 

While a resistance could be employed aa described, it is more 
economical to employ an auto- trans former (that is, a transformer 




Fig. 37. 

having but one coil, which serves as both a primary and a second- 
ary), or C07nj>enfn/t"r, as it is called when used for this purpose 
Compensator connections for a ihree-phaae motor are represented 
in Fig. 37, The compensator consists of coils a, h, and c, wooud 
on a laminated- iron core, each coil being provided with a number 
of taps, 1, 2, 3, etc. The pressure appliinl to the motor at start- 
ing is pro|K>rtioned to the amount of each coil included in the cir- 
cuit. AVliile the coinjKJnsator winding is provided with taps, only 
that one which is most suitable tor the work is used after the 
equipment is permanently installed. When the switch is In the 
• This inrush of current is f requontlj three times the rated load currant. 
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lo^er position as indicated, a part of each coil is in series with 
each leg of the system leading to, the motor; and the applied volt- 
age is correspondingly eiit down. After the motor reaches its rated 
speed, the switch is thrown to the up] er or running position, and 
the stator or primary terminals are connected directly to the line. 
The compensator thus prevents an excessive inrush of cnrrent, and 
gives the motor a smooth start, although it decreases the starting 
torque, c<mij)ared with that due to full line pft.'ssnre. 

Speed Regulation of Induction Motors. For some classes 
of work, it is desirable to have induction motors arranged so that 
their sjjced can he controlled, the usual methods being : 

a. The insertion of a variable resistaiK-e in the rotor circuit. 

b. Cutting down the voltage applied to the stator, aa just described. 




rig. 38. 

Tlie more satisfactory method of speed control, is that with 
Tariahlo resistance inserted in the rotor circuit, the power-factor 
and hence the efhcieney of the system heing greater at reduced 
speeds than with the comjieiisator or eijuivalent device. It 
requires, however, the use of collector rings, connecting brushes, 
and leads, since a resistance for continuous service is too bulky to 
be placed within the machine. Still further, the heat developed in 
the resistance would heat the machine too much. Tlie controller 
itself looks like an onlinary trolley car controller, but for simplicity 
it is represented as a three-armed controller (Fig, 38) in which the 
arms a, 5, and o are in electrical e<intaet under the handle. The 
resistance is provided in three sets, one for each free end of the 
rotor winding; and each set is sul>divided so that it can be grad- 
ually cut out of circuit as the motor speed increases. Frequently 
the controller is so arranged that the first motion of the handle 



ibyGoogle 



62 MANAGEMENT OF DTfNAMO-ELECTRIO MACHINEKY 



cloeea tLe Biijiply liiit>a, ftiid aubwM^iieiit motions vary the resist- 
sncea in the rotor circuit, thus performing the functioD of a 
supply switch and spewi controller. 

Aiiotht^r method of speed control, is to have the winding on 
the stator arranged eo that by means of a suitable controlling 
switch, the number of jHiles can be changed. This is a very 
economical inetIio<l from the electrical standpoint, and gives a very 
wide fange of control, but, on account of its complexity and cost, 
IB used only to a limited extent. 

In general, the induction motor doc«8 not allow of the same 
range of speed control aa does the direct -current motor, and the 
methods employed for this puq)ose are not efficient. 

Single-Phase Induction 
Motor. A two or three-phase 
induction motor will operate 
fairly well, if, after reacliing 
full ejK'ed, all but one of the 
]>huftes lie cut out. It will not 
however start from rest under 
the iiitiuence of single. phase 
excitation. Hence, to start 
an induction motor from the 
lines of a single-phase sys- 
tein, currents differing in 
phase must be obtained. This is accompllBhed by connecting the 
two primary windings A and U (in the case of a two-phaae motor) 
in ])arallel to the Blngle-])haiie mains, at the aanie time connecting 
in Beriea with one winding a resistance li (Fig. 39). The cur- 
rents flowing through these two windings will then differ in 
phase, one leading the other on account of a difference in their 
constants, and will thus jiroduce a rotating field, and the motor 
will then start up.* ^Vhen the motor haa reached full epeed, 
one phase may be cut out by opening the switch at S, and the 
machine will carry ita load. The resistance It may be replaced 
to advantage hy aconden[^er, esjievially on small machines. Such 
a machine is commonly called a "split-phase" motor. 




Fig. 39. 
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DIRECTIONS FOR RUNNING OeNBRATORS AND MOTORS. 

After any one of these macbioeB has been properly started, it 
nsiially requirea little attention while running; in fact, generators 
or motors frequently ojerate all day without any care whatever. 

In the case of a machine that has not been nin before or has 
been changed in any way, it is wise to watch it closely at first. It 
is also well to give the bearings of a new machine plenty of oil at 
first, but not enough to run on the armature, commutator, or any 
part that would be injured by it; and to run the belt (if used) 
rather slack until the bearings and belt are in easy working condi- 
tion. 

If possible, a new machine sliould l>o run without load or 
with a light one for an hour or two, or for several hours in case of a 
large machine; and it is bad practice to start a new machine with 
its full load or even a large frai'tion of it. Tliia istrue even if the 
machine has been fully testi'd by its manufacturer and is in perfect 
condition, because there may lie sonn; fault in setting it up or some 
other circumstance that would cause trouble. All machinery re- 
quires some adjustment and earo for a certain time to get it into 
smooth working order. 

AVhen this condition is reached the only attention reijuired is 
to supply oil when neeiletl, keep the machine clean, and set» that it 
is not overlof.ded. A generator requires that its voltage or current 
should be observed and regulatinl If it varies. The attendant slmiild 
always be ready and sure to detect the beginning of any tnmble, 
such as sparking, heating, noise, abnormally high or low sjwed, 
etc., before any injury is caused, and to overcome it. Such direc- 
tions should be pretty thoroughly committed to memory in order 
[iromptly to detect aud remedy any trouble when it occurs sud- 
denly, as is usually the case. If possible, the ma«hiue should be 
shut down instantly when any indication of trouble appears, in 
order to avoid injury and give time for examination. 

Keep all fools or pieces of iron or steel away from the ma- 
chine while running, as they might be drawn iu by the magnetism, 
perhaps getting between the armature and jmjIo pieces and ruining 
the machine. For this reason use a zinc, brass, or copper oil-can 
instead of one of iron or "tin" (tinned iron) 
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Particular attention and care should be given to tlie corama- 
tator and bruHhes, to se« that the former keeps perfectly Btnooth 
and that the latter are in proper adjnstiuciit. (See "Sparking,") 

Never lift a brush while the mnclitne is delivering current 
unless there are one or more other bnishfa on the same side to carry 
the current, as the spark might make a bad burnt spot on the com- 
mutator, or might burn the hand. 

Touch the tx^arings and field coils occaBionally to see whether 
or not they are hot. To determine whether tlie armature is run- 
ning hot, place the hand in the current of air thrown out from it 
by centrifugal force. 

SjKcii'tl care should be observed by any one who runs a gen 
erator or motor, to avnid overload hi fj it, iM-raui^u this is the cause 
of most of the troubles which ooenr. 

Personal Safety. Never allow the body to fonn part of a 
circuit. While handling s conductor, a second contact may be 
made accidentally through the feet, hands, knees, or other part of 
the body, in some jieculiaraiid unexiwcted manner. For example, 
men have been killed bmuise they touched a "live" wire wiiile 
standing or sitting u]>on a conducting body. 

Rubber glovea or rubber shoes, or lH>th, should Iw used in 
handling circuila of over SOO volts.* The safest jifan is not to 
touch any conductor while the current ia on; and it should be re- 
membered that the current may be present when not cxjH-cted, 
owing to an accidental contact with some other wire or to a change 
of connections. Tools with insultited hiuidles, or a dry stick of 
wood, should be used iustcitd of the bare hand. 

The rule to use on/i/ < 7ii: /cf/"^ when hiindling dangerous elec- 
trical conductors or ajipanitus is a very goiwi one, iK'causc itavoids 
the chance, which is very great, of iiuiking cuuiacts with both 
hands and getting the current through the IhhIv. This rule is 
often mude still more dotinite by Siiying, "Kee[) one hand in 
your pcx-ket," in grilcr to make sure not t() use it. Tlie above pre. 
cautions are often totally disreganli-d. jiiirticulnrly by those who 
have become ciinOi-ss thnnigh fiimiliurily with dangerims currents. 
The result has been that .il„.nxl nil jl r.-o,i.-< orrUJ.nl.iUy lUlcd 

* Tliwe srliolcs Bliimld be subicirliMl ki trets at frcijui-nt intervals, W 
US (u dutLTuiiui! tlii'ir cuuiiition. 
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by artificial e/ectj-itnii/ have heen eirperienced linemen or station 

Stopping Qenerators or Motors. This is accomplished by 
follonin^ substantially the same directions aa for starting them, 
bat in the reverse order. 

A generator operating alone on a circuit can be slowed down 
and stoppd without touching the ^witches, brushes, etc., in which 
case the current gradually decreases to zero; and then the con- 
tiecticns can be opened without sparking or any other difficulty. 

However, when a generator is operating iu parallel with 
others, or with a storage battery, it must not be stopped or reduced 
in sj(oed, until it is entirely disconnected from the system, other- 
wise it will act as a short circuit. J'urthei moi-e, the current 
generated by it should be reduced nearly to zero before its switch 
is opened. This is accomplished by ad justing the field rheostat of 
the machine to be cut out, great eare being taken that the change 
is gra<.lual. If the reduction bo rapid, the voltage of the machine 
may drop so low as to c»itse a baeli currei\t to flow. 

A constant-current generator may be cut into or out of 
circnit in series witli others, and can be slowed down or stopped; 
or its armature or field coils may bo short-circuited to prevent the 
action of the machine, without disconnecting it from the eircuit- 
It in ah.wlutehj iieeensary^ /inwever, t<> ■jn'isei've the continuity of 
the circvH, and not to attempt to open it at any point, as this would 
produce a dangerous arc. Hence a bypath must be provided by 
closing the main circuit around the generator, before disconnect- 
ing it. This same rule applies to any lamp, motor, or other device 
on a constant-current system. 

Never, except in an emergency, should any circuit be opened 
when heavily loaded, fur the reasou tliHt the flash at the contact 
points, discharge of magnetism, and mechanical shock which result, 
are decidedly objectionable. 

A Constant-Potential notor is stopped by turning the start- 
ing-box handle back to the position it bad before starting (Fig, 28); 
QT, if there is a switch Q, i-Kuiierthig fhu mntor to the circuit, 
as there always should be, it should be opened, after which the 
etartiog-box handle is moved back to be ready for .starting again. 
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Immediately after a machine is stopped, it shonld be thor- 
onghly cleaned, and put in condition for the next run. When not 
in use, machines should, when feasible, be protected from dirt and 
moisture by covers of some waterproof material. 

INSPECTINQ AND TE5TIN0. 

Adjustment and the otber points which depend merely upon 
niei'hanical con struct ion, are hardly capable of bf ing invustigated by 
a regular quantitative test, but they can and should be determined 
by thorough inspection. In fact a very careful examination of all 
parts of a machine should always precede any test of it. This 
should be done for two reasons; first, to get the machine into 
proper condition for a fair test; and, second, to determine whether 
the materials and workmanship are of the best quality and satis- 
factory in every roRpect, A loose screw or connection might inter- 
fere with a good teat; and a poorly fitting bearing, brush-holder, or 
other part might show that the machine was badly made. 

If it is necessary to take the machineapart foi'cleaning or in- 
spection, the greatest care slionid beexercised in marking, number- 
ing, and placing the parts, in order to be sure to get them together 
exactly the same as before. In taking a machine apart or putting 
it. together, only the minimum force ahould be used. Much force 
usually means that something wrong is Iwi ng done, A wooden or raw- 
bide mallet is preferable to an iron hammer, since it does not bruise 
or mar tlie parts. Usually screws, nuts, and other parts should 
be set up fairly tight, but not tight enough to run any risk of 
breaking or straining anything. Shaking or trying each screw or 
other part witlt a wrench or screw-driver, will show whether any of 
them are too looae or otherwise out of adjustment. 

Friction. The friction of the bearings and hrnshes can be 
tested roughly by merely revolving the armature by band, or 
slowly by power, and noting if it requires more than the normal 
amount of force. Excessive friction is quite easily distinguished, 
even by inexperienced persons. Another method is to revolve the 
armature by hand or otherwise, and see if it continues to revolve 
by itself freely for some time. A well-made machine in good con- 
dition and running at or near full sjwed, will continue to run for 
several minutes after the turning force is removed. 
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A method for actually measaring the friction coneiste in at- 
taching a lever (a bar of wood, for example) to the shaft ot pulley 
at right angles to it. Tlie force required to overcome the friction 
and to turn the armature without current, is then determined by 
known weights or, more conveniently, by an ordinary spring 
balance. For convenience in dividing by the length of the lever, 
etc., to determine the value of the friction compared with the power 
of the machine, it should be exactly 1, 2, or 4 feet long. The 
■ friction of the bearings alone— that is, the pull which is required 
to turn the armature when the brushes are liftwl off the commu- 
tator — should not exceed about 2 per cent of the total torque cr 
turning force of the machine at full load. When tho brushes 
are in contact with the commutator with the usual pressure, the 
friction should not then exceed about 3 per centj that is, the 
brushes themselves should not consnnie more than 1 per cent of 
the total turning force. 

Another method of measuring the friction of a machine is to 
run it by another machine used as a motor, and determine the 
volts and amperes required, first, with brushes lifted off, and second) 
with brushes on the commutator with the usual pressure. The 
torque or force exerted by the driving niachino is afterwards 
measured by a Prony brake in the manner deacribed hereafter for 
testing torque, care being taken to make the Prony brake meas- 
urements at exactly the same volts and amperea as were required 
in the friction tests. In this way the torques exerted by the driv- 
ing machine to overcome friction in each of the first two testa are 
determined; and these torques, compared with the total torque of 
the machine being tested, should give percentages not esceeding 
those stated above for maximum values of friction, Tho magnetic 
pull of the field on the armature may be very great if the latter is 
not exactly in the center of the space between the pole pieces. 
This would have the effect of increasing the friction of tho shaft 
in the bearings when the field is magnetized. It occurs to a cer- 
tain extent in all cases, but it should be corrected if it becomes 
excessive. This may be tested by turning the current into the 
fields, being sure to leave the armature disconnected, and then turn- 
ing the shaft with the lever as before. The friction in this case 
should not he more than 2 to 4 per cent. 
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TeHtB for friction alone should lie made at a ]ow speed, be- 
caase at liifili siiet'ds the effects of Foucault currents and hysteresis 
fnter and materially increase the apparent friction. 

Balance. The perfection of balance of tlie armature or 
pulley can be roufjhiy tested by simply running the machine at 
normal b[mhh1 and noting if these parts caiiHe any objectionable 
vibration. Of cuiirae, practically every machine produces percept- 
ible vibration when running, but this should not amount to more 
than a very slight trembling. 'Hie balance of a ma- 
chine can Im* definitely tcHttni, and the extent of the 
vibration measnred, by suwfK'iKiing the miwhineor 
by mounting it on wheels, and running it at full 
speed. In this case it is better to run tho machine 
as a motor, even though it lie actually a generator, 
in order to avoid the necessity of running it by a 
lielt, which would cause vibration and interfere 
with the tent. If, however, the uso of a belt is 
unavoidable, it should bo arranged to run vertically 
upward or downward so as nut to produce any hori- 
zontal motion in addition to the vibration of the 
machine itself. Fig. 40 shows a machine hung up 
to 1)0 tested for balance, and run either as a motor 
or by the vertical belt indicated by the dotted lines. 
Any lack of balance will cause the machine to vi- 
brate or swing horizontally, and this motion can be 

iiieuijured on a fixed scale. 
Fig. «. 

Noise. This cannot well be tii'ted quantita- 
tively, although it is very desirable that a machine should make 
as little nois.e as jiossible. Noise ia producwl by various causes. 
The machine should be run at full sjieed, and any noise and its 
cause carefully noted. A machine — eB|)ecially the comniUtator — 
will nearly always run more (juietly after it has beim in use a week 
or more and has worn smooth. 

Heating. The proper way to aetemiine tho temperature rise 

in electrical apparatus is by iiicasurementa of resititance, l)efore 
and after operating for a B]K'citicd time (usually U to 4 hours) under 
rated load. 
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The rise of temperature is: 

e - (238.1 + t) (— ^t:^ ~ i), 

in which t is the room temperature in degrees Centigrade, R^ the 
resistance in ohms at room temperature, and (R^ + © ) the final re- 
eistance at a temperature elevation of 0° C. The standard room 
temperature is 25"* C; and if it differs from this, the determined 
rise should be corrected by +!j per cent for each degree C. For 
ordinary tests it may be assumed that the resistance of copper in- 
creases ,4 per cent for each degree C rise in tem[)erature. The 
allowable rise in temperature for field or armature windings is 
5CP t), hence their reaistanco for contintious operation at rated 
load should uot be more than 20 per cent in excess of the room 
temperature. The heating of commutator, collector rings, and 
brushes that cannot be measured electrically, is tested by thermom- 
eters when the machine is stopped, the permissible rise being 50° 
C; and for bearings and other parts of machines the limit is 40° C. 
"When a thermometer is applied to a surface it should be covered 
by a pad of cotton or waste cloth, in a shallow, circular box abont 
1^ inches in diameter. A large pad tends to accumulate heat. 
When machines are in operation, or in other cases when it is not 
convenient to measure resistances, especially for excessive temper- 
atures due to abnormal conditions, thermometers may be used to 
test all stationary jmrts; but it should be noted that their indica- 
tions are usually aliout D" C lower than those determined by 
resistances, because the surface is cooler tlian the interior. A very 
simple test of heating is to aj)ply the liand to the armature, etc., and 
i£ it can be held there without great discomfort, the tenifterature 
is not dangerous. Allowance should always be made, however, 
for the fact that, on account of its heat conductivity, bare metal 
fi.-els verj' much hotter than cotton -covered wires, cloth, etc., at the 
same actual temjjeratnres', but this apparent difference is much 
less if the hand is kept on for 10 to 20 seconds, 

Sparking at the commutator cannot be accurately measured; 
but it is very objectionable, and in a machine in good order 
should be hardly pi-rceptible. In any test one should observe 
carefully whether the sjMirking is excesdive or not; and if so, to 
what it is due. 
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An- approach to ineaBurement may b« made by starting with 
a lightly loadi^ in&cliine nntl gradually iiicreatsiug the loa<l, mean- 
while shifting the rocker-ann and bruHhes Iwick and forth, and 
noting at what load it is imjtossible to find a noii-eparking {Kiint. 
In macfaineB the bnisheB mnst be shifted to follow the armature 
reaction as the load increases; but one should always be able to 
find a place ivliere s|)arking ceases, within the rated load. In fact, 
a machine should be able to run with 25 per cent overload 
before sparking is serious. If a uiaphine begins to spark at 50 jwr 
cent of its load, it is clearly only half as naefnl as it might be, 
and this may be taken in a sense as a measure of ajuirkiiig. 
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ELECTRICAL RBSISTANCa - 

Among the most important tests which it is necessary to 
make in coanection with Dynamo-Electric MachtDery are those for 
resistance. 

There are two principal classes of resistance tests that must 
be made in connection with generators and motors. First, the 
resistance of the wires or conductors themselves, called the metallic 
resistance ; and, second, the resistance of the insulation of the 
wires, known as the insulation resistance. The latter should 
always be as hiijh as possible, because a low lasulatioa resistance 
not only allows current to leak, but also causes " burn-outB " and 
other accidents. Metallic resistance, such, for example, as the 
resistance of the armature or field coils, is commonly tested either 
by the "Wheatstoiio bridge or by the "drop" (fall -of- potential) 
method. 

The Wheatstone Bridge is simply a inimber of branch cir- 
cuits connected as indicated in 
Fig. 41. A, B, and C are resia- 
tances the valoes of which are 
known. X is the resistance 
which is being measured. G is 
a galvanometer, S its key, and 
K li a battery of one or two 
cells controlled by a key K, all 
I 1 bei iig con iiected as shown. Tha 



resistance C is varied until tlje 

galvanomi'ter shows no deflec- 




^ tig. 41. 
tion, when the keys K and H 



losed in the order named. If 
the key S should be closed before K, or at the same moment, the 
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imJuctive effect would prtxluce a pronounced deflection of the 
galvanometer needle, and thus probably causa confusion. The 
value of the resistance X is then found by multiplying together 
reeistances C and B, and dividing by A; that is, 
^ C X B . 

A very convenient form of this apparatus is what is knowa as 
the portablu bridi^ (^'^^- ■^'^)- This consists of a box containing 
the three sets of known rcMistance:?, A, B, and 0, controlled by 
plugs; also the galvauonicter (r, and keys IC and S, all connected 



in tli6 proper way. In boiih) cases fiirtiier coiivenienci* is seL^ured 
by including the b:ittery K in the hox; but ordinarily this is not 
done, and it is necessitry to connect one or two cells of battery to 
a piiir of binding-jiiHts placed on the box for that purpose. Re- 
sistances from -jij- ohm to 1(10,000 ohms can be conveniently and 
accurately measured by the Wheatstono bridge. Below ^'j ohm the 
resistances of the eontacfs in the binding-posts and plugs are apt 
to cause errors, and thLTcfoz-e sj)ecial bridges provided with mer- 
cury contact cups are used. In fivct, in mea'Suring any resistance, 
care should be taken to make the connections clean and tight. 



ibyGoogle 



MANAGEBIENT OP DYNAMO-ELECTRIC MACHINEHY M 

The ordinary bridge will not ineasiire above 100,000 ohmH, be- 
canse, if the resistance in the arm B is 100 ohms, 1 ohm in A, and 
1,000 ohma in C, then X is 100,000. Sometimes the arms A and 
B are provided with l,OOO.ohrn coils in addition to tie usual 1., 
10- and lOO-olim coils; or somt^timt-s the ann C contains more 
than 1,000 ohms in all; in eitlicr case tlia range will be corre- 
Bpondingly increased. 

It should be observed, however, that the ubs of ratios of 1,000; 

I, or even 100: 1, is not desirable, since they are likely to multiply 
any error dne to contact resistances, etc. In fact, it is usually bet- 
ter to have the fonr resistances not very widely different in value; 
that is, no one of them ehonld be more than ten times greater 
than any other except when very high or very low resistances are 
to Iw measured. The "Wheatstono bridge may Iw usini for ti'sting 
the resistances of almost any field coils that are found in p:-actice. 
Shunt fields for 110- volt machines usually vary from about 100 or 
200 ohms ill a l-II. I*, machine lo about 5 to 2(1 ohms in a 100. 

II. P. machine. If tlio voltage is higher or lower tlian 110, these 
resistances vary as the square of the voltage. Stories fields for arc- 
circuit dynamos vary from about 1 to '»0 ohma. In measuring 
field resistances with tlie bridge, care must be taken to wait a con- 
siderable time after pressing the battery key, before j)re3sing the 
galvanometer key, in order to allow time for the self-induction of 
the magnets to disajipear. 

The bridge may be used also for testint^ the armature resis- 
tance of some machines. lint 110-volt shunt machines above 10 
II. P. UBually Lave ri'sistanees less than ^^j ohm, which is below 
the range of the ordinary bridge, as already stated. For higher 
or lower voltages the resistance ia proportional to the square of the 
voltage. Arc machines have armatures of about 1 to 20 ohms 
resistance, and are therefore easily teated by the bridge. 

The Drop (or Fall-of-Potential) Method ia well adapted for 
locating faults quickly, and for testing the armature resistance of 
most generators and motors, or the resistance o' contact between 
commutator and brushes, or other reHistances which are usually 
only a fefr hundredths or even thousiindtlis iiE an ohm. This 
coueiBts in passing a current through the armature and connections 
uid a known resistance (of, say, -^ ^g ohm), all connected in series, 
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as represented in Fig. 43. Tlie "drop" or fall of potential in the 
armature and that In the known resistance are compared by con- 
necting a voltmeter first to the terminals of the known resistance 
(marked 1 and 2), and then to various other points on the circait, 
as indicated by the dotted voltmeter terminals at M, N, O, Q, B, 
and S, 80 as to include successively each- part to be tested. The 
deflections in all cases are directly proportional to the resistances 
included between the points touched by the terminals. The 
ctirrent needed depends npon the resistance of the circuit and the 
sensitiveness of the voltmeter. A bank of lamps or a liquid 
resistance is used for limiting the current. Instead of using a . 




7 wMoh are 
^/cg/M'a/MN.O. 



R ^ S 9hou/a be equal 



Fig. 43. 

known resistance, an ammeter may be inserted in series with the 

resistance to bo tested, tlm latter being then determined by Ohm's 

law, viz.y If K is the voltmeter deflection, and I represents the 

E 
amperes flowing, the resistance of the jwirt under test is R — . 

A "station" or a portable voltmeter may hi used for the 
readings, and its terminals may be held in the hands, or they may 
"be conveniently arranged to project from an insulating handle like 
a two-pronged fork, ireniiUy 10 to 100 amperes and a low-read, 
ing voltmeter are needed for low resistances. 

It is well to start with a small testing currt^nt, and increase it 
Dntil a good deflection is obtained on the voltmeter. If a carrent 
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of several amperes cannot be liad, a few cells of storage battery 
or Bome strong primary battery, suc-h as a Bunsen, bichromate, or 
plunge battery, can be iised with a galvanometer or low-reading 
voltmeter. 

The diagram indicates the testing of a machine with series 
fields. B)iunt fields must be connected directly to the line on 
account of their high reeistance; while tlie armature can be con- 
nected as here shown, without being allowed to reVolve. 

This drop method of testing is also very useful in locating 
any fault. The two wires leading, from the voltmeter are applied 
to any two points of the circuit, as indicati-d by the dotted lines 
— for instance, to two adjacent cummiitator segments, or to a 
brush tip and the commutator; any break or poor contact will be 



Galvanometmr 



J' 



indicated immediately by the deflection Iwing larger than at some 
other similar part. This ahowa that the fault is between the two 
points to which the wires are applied. Thns, by moving these' 
along on the circuit, the exact location of any irregularity, such as 
a bad contact, short circuit, or extra resistance, can be found. 

The insulation r.-xintuni'e of a generator or motor, that is, 
the resistance between its wires and its frame, should Im suttifient- 
ly high so that not more than one-millionth of its rated current 
will pass through it at normal voltage, and it is well to have it 
still higher. It ia therefore beyond the range of ordinary Wlieat- 
stone-bridge testa; but two good methods are applicable — the 
"direct-defleotion " and the voltmeter method. 

The Dlrect-Oeflectlon Method is carried out by connecting a 
sensitive galvanometer, such as a Thom-son higli- resistance reflect- 
ing galvanometer, in series with a known high resistance, usually 
a 100,000-ohm rheostat, a battery, and keys, as shown in Fig. 44 
The galvanometer should be shunted with the -^\^ coil of the 
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Bhnnt, 60 t^at oolj ynW ^^ ^^^ carrent passes throngh the gal- 
Tanometor, the maohiae being entirely disconnected. The keys A 
and fi are closed and the steady deflection noted. It is well to 
use hat one cell of the battery at first, and then increase the nnm- 
her if necessary nntil a considerable deflection is obtained. The 
circuit is then opened at the key B,and connected by wires to the 
binding-post or comnautator and to the frame or shaft of the ma- 
chine, as indicated by dotted lines, so that the machine insulation 
resistance is inclnded directly in the circnit with the galranometer 
and tiattery. The key A is then closed and the deflection noted. 
Probably there will be little or no deflection, on account of the 
high insniation resistance; and the shunt is changed to -^, \, or 
left out entirely if little deflection is obtained. In changing the 
shnnt, the key should always be open, otherwise the full current is 
UirowD on the galvanometer. The insulation is then calculated by 
the formula: 

T 1 *■ ■ ^ D X R X S 

Insulation resistance = = . 

a ' 

in which D is the flrst deflection withont the machine being con- 
nected, and d the deflection with the machine insulation in the cir- 
cuit, It the known high resistance, and S the ratio of the shnnt. 
That is, if the shunt is fir iQ ^^ ^^^ ^^^ ^^^ \ i" ^^'^^ second, 
then S is 100; and if the shunt is out entirely in the second test, 
8 is 1,000. It is safer to leave the high resistance in circuit in 
the eecoud test, to protect the galvanometer in case the insulation 
resistance is low. Therefore this resistance must be subtracted 
from the result to obtain the insulation of the machine itself. 

By the above method it is possible to measure 100 megohms 
or even more. The wires and connections should be carefully 
arranged to avoid any possibility of contact or leakage, which 
would spoil the teat. If no deflection is obtained, place on© finger 
on the frame and one on the binding-post of the machine, which 
makes enough leakage to affect the galvanometer and show that 
the connections are right, thus proving that any poor insulation 
will be indicated if it exists. 

The Voltmeter Test for Insulation Resistance requires a 
sensitive high- resistance voltmeter, soQh as the Weston. Take, 
for example, the IBO-volt instrument, Fig. 45, which usually has 
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about 15,000 ohma resistance. (A certificate of the evact resist- 
ance is pasted inside eacli case.) Apply it to some circuit or 
battery, and measure tlie voltage. This should be as high as 
possible — say, 100 volts. The insulation resistance of tlio machine 
is then connected into the cir- 
cuit, as indicated in Fig. 46. 
The deflection of the voltmeter 
is less than before, in proportion 
to the value of tlie insulation 
resistance. 

The insulation is then found 
by the equation : 

d 



Insulation resistance - 




in which D is the first and (/ 



Kig. 4-.. 



the second deflection, and II the resistance of the voltmeter. If 
the circuit is 100 volts, D is 100; and if /t, the deflection through 
the insulation resistance of the machine, is 1 division, the insula- 
tion is 1,485,000 ohms. Permanent marks indicating amounts of 
insulation may be put on the voltmeter scale. When making 
measurements, the voltage should be the same as that employed in 
preparing this scale (say, H5 volts). To calculate the scale use 
this formula: 

, 115 R 

'' = x^rrr • 

in which X is the insulation resistance (1 megohm, J megohm, 
.etc.), and d is the number of volts, opposite which the correspond. 
ing graduation is to be placed to form the new scale. This method 
does not test very high resistances; but if little or no defiection is 
obtained through the insulation resistance, it shows th:it the latter 
is at least several megohms — which is high enough for most 
practical purposes. 

The ordinary magneto-elecrtric bell may ba used to teat insu- 
lation by simply connecting one terminal to the binding-post of 
the machine, and the other to the frame or shaft. 

A magneto bell is nited to ring fni)ii 10,01)0 to 30,000 ohms; 
and if it does not ring, it shows that thi insulation is more than 
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that amount. This limit is altogether too low for proper insnla-: 
tion in any case; and therefore this teat is rough, and really shows 
only whether or not the insnlation is very poor or the maehine 
aotnally grounded. 

The magneto is also naed for " continuity " teats, to deter- 
mine wliether a circuit ia complete, by simply connecting the two 
terminals of the magneto to those of the circuit. If the bell cati 
be rung, it shows that the circuit is complete; if not, it indicates a 
break. An ordinary electric bell and cell of battery can be used 
in place of the magneto. 

The insulation 'of a machine should always be tested for 
disruptive strength, with a current of at least double the normal 
working pressure, to see if it will " break down " or be punctured 
by the current. A transformer motor-dynamo wound to give high 
voltage is convenient for this. 




Pig. 16. 



Tests of the resistances of generators or motors should prop- 
perly he made when the machines are aa warm as they get when 
running continuously at full load. This increases the resistance 
of conductors and decreases the insulation resistance, but it gives 
the actual working values. 

Voltage. Instruments for measuring voltage (known as 
voltmetersj are in nearly all cases galvanometers of practically 
constant resistance. Through them flow currents which are 
directly proportional to the impressed voltages. A pointer con. 
jiccted to the moving part deflects over a graduated scale. A 
voltmeter should have as high a resistance as possible — at least 
several thousand ohms — in order not to take too much current, 
which might lower its reading on high-resistance circuit or con- 
sume too much power. It should not be affected by the magnet. 
iam of a generator or motor at any distance over a few feet. 
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The voltage of any machine or circuit is tested by merely 
connecting the two binding-posts or terminals of the voltmeter to 
the two tenninala or conductors of the machine or circuit. To 
get the external voltage of a generator or motor, the voltmeter is 
usually applied to the two main binding-posta or brushes of ths 
machine. This external voltage is what a generator supplies to 
the circuit. It is also called the pole difference of potential or 
tiTminal voltage, and is the actual figure upon which calculations 
of the efficiency, capacity, etc., of any machine are based. 

A generator for constant -potential circuits should, of course, 
give as nearly as jiossible a constant voltage. A plain shunt 
machine usually falls from 5 to 15 per cent in voltage when its 
current is varied from nothing to full load. This is due to the 
I R drop caused by the resistance of the armature circuit, which 
in turn weakens the field current and magnetism ; armature 
reaction usually occurs also, and still further lowers the external 
voltage. This variation is uiideairable, and is usually avoided by 
regulating the field mugnetiam (varying the resistance in the field 
circuit) or by the use of com pound -wound generators. A com- 
pound-wound dynamo should not fall appreciably from no load to 
full load ; in fa»»t, if it is " over-compounded " it should rise 5 per 
cent or more in voltage to make up for loss on the wiring. 

The voltage of a constant-current generator is not important. 
The current should Ikj carefully measured by an ammeter, but little 
attention is paid to the voltage in practical working; in fact, it 
changes constantly with variations in the load. But it ia necessary, 
of course, to measure it in making efficiency or other exact tests. 

A Bimple and fairly accurate method of measuring voltage is 
by means of ordinary incandescent lamps. A little practice 
enables one to tell whether a lamp has its pro|)er voltage and 
brightness. In this way it is easy to tell if the voltage is even one 
or two per cent above or below the normal point. Voltages less 
than the ordinary can be tested by using low-voltage lan^pa or by 
estimating the brightness of high-voltage lamps. For example, a 
lamp begihe to show a very dull red at one-third and a bright red 
at one-half jta full voltage. Voltages higher than that of one 
l&mp can be tested by using lamps in series. Thus 1,000 volts 
can bo measured by using 10 lamps in series, and so on. 
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Current. This is measared by aa ammeter { Fig. 47), which 
IB usually cheaper than a voltmeter because it cootaina a com- 
paratively small amoimt of wire. In testing the current of s 
generator or motor, it is necessary only to connect an ammeter, of 
the proper range, in series with the machine to be tested, so that 
the whole current passes through the instrument or its shunt. 
To test the current in the armature or the lield alone, tbe ammeter 
is connected in series with the particular part. To avoid mistalces 
in the case of a shunt-wound generator, it is well to open the 
external circuit entirely in testing the current used in the field 
coils ; for the same reason the 
brushes of a shunt motor should 
be raised before testing the cur- 
rent taken by the field.* In a 
constant-current or series. wound 
dynamo, the same current flows 
through all parts of the machine 
andthecircuitjconsequently the 
measurement of current is very 
'simple. 

If an ammeter cannot he had, 
current can he measured by 
inserting a known resistance in the circuit and measuring the 
difference of potential between its ends. The volts thus indicated, 
divided' oy the resistance in. ohms, gives the number of amperes 
flowing. If a known resistance is not at hand, the resistance of a 
part of the wire foniiing the circuit can be obtained from its 
diameter measured with a screw caliper or a wire gauge, by 
referring to any of the tables of reElBtanoes of wires; or the 
resistance can bo measured by a Wheatstone bridge ( Fig. 43), or 
by putting an ammeter, when one can be spared, into, the circuit, 
while the voltmeter is connected. The volts divided by tlie 
amperes gives the resistance in ohms between the points to which 
the voltmeter is connected. Two connections can be attached 
permanently to two points on the circuit, and an ammeter tem- 




Fig. 47. 



* Tbcsc instructions are to be followed whoo onlj ono ammeter ia to be 
had; otherwise one coulil he placed in tlic Acid circuit, and another in tiif 
circuit from tbe atartiug tjox to the independent armature terminal. 
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porarily inserted, and for every reading of the ammeter the 
corresponding reading of the voltmeter attached to these con- 
nections may be noted. Then, by keepinga list of these readings, 
the am[>eres can be found at any fnture time, by connecting the 
voltmeter to the two |)ermanent contacts. This preliminary use of 
the ammeter amounts to measuring the resistance between the two 
contacts, and allows for the increase of resistance when the current 
and heating increase. In any case it is convenient to use a length 
of wire, or a distance between contacts, which will give an even 
amount of resistance, say, 1-10 or 1-100 ohm. And, as with large 
current the resistance will be fractional, care must be taken to 
avoid errors in multiplying, etc. 

In testing the output of a generator, it is often quite a prob- 
lem to dispose of the current produced. A bank of lamp.*!, for 



example, to use the whole current geiieratc<i by a dynamo of 110 
volts and 1,000 amperes, would bo very expensive. A aulficient 
number of resistance-boxes for the purpose would also be very 
costly. The beat way is to drive the generator by a motor, and con- 
nect it up in parallel with the line. In this way most of the power 
is returned instead of being wasted. If a motor cannot be had, the 
simplest and cheapest way to consume a large current is to place 
two plates of iron in a common tub or trough filled with a weak 
solution of carbonate of soda (common washing soda), which is 
better than almost any other solution because it neither gives off 
fumes nor eats the electrodes. The main conductors are connected 
to the two plates, respectively, and the current passes through the 
solution. The resistance and current are regulated by varyiijg tho 
distance between the plates, the depth they are imnieraed in the 
li^id, and the strength of the solution. The energy may be suf- 
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ficient to boil tlie liquid, but this doea no harm. Three to ten 
amperes per square inch of active surface of plate may be allowed. 

Speed. This is usnally measnred by the well-known speed 
counter (Fig. 48), consisting of a small spindle which turns a 
wheel one tooth each time it revolves. The point of the spindle 
is held against the center of the shaft of the generator or motor 
for a certain time, say, one minute or one-half minute, and the 
number of revolutions is read off from the position of the wheel. 

Another instrument for testing the number of revolutions 
per minute is the tachometer. The stationary form of this instru- 
ment is shown in Fig. 49. It must be belted by a string, tape, or 



Fig. 49. 

light leather belt to the machine the s]>eed of which is to be tested. 
If the sizes of tiio pulleys are not the same, their speeds are 
inversely proportional to their diameters. The portable form of 
this instrument (Fig. 50) is applied directly to the end of the' 
shaft of the machine, like the speed counter. The tip can be 
slipped upon either one of the three spindles, which are geared 
together, according as the speed in near 500, 1,000, or 2,000 revo- 
Intions, These instruments possess the great advantage over the 
speed counter that tlu-y instantly point on the dial to the proper 
s))eeii, and they do not require to be timed for a certain period. 

A simple way to test the speed in revolutions per minute is 
to make a large black or white mark on the belt of a machine, and 
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note liow QiaDy times the mark passes per minute ; the length of 
the belt divided by the circumference of the pulley gives the 
number of revolutions of the pulley for each time the mark passes. 
ITje number of revolutions of the pulley to one of the belt can 
also be easily determined by slowly turning the pulley or pulling 
the belt until the latter makes one complete trip around, at the 
same time counting the revolutions of the pulley. If the machine 
has no belt, it can be supplied with one temporarily for the pur- 
pose of the test, a piece oE tape with a knot or an ink mark being 
sufticicnt. Care should be taken in all these tests of speed with 
belts not to allow any slip ; for example, in the case of the tape 
belt just referred to, this belt should pass aronnd the pulley 



Fig. 50. 
of the machine and some light wheel of wood or metal which 
turns 80 easily as not to cause any slip of the belt on the pulley 
of the machine. 

Torque or Pull is measured in the case of a motor by the use 
of a Prony brake. Tliis consists of a lever LL of wood, clamped 
on the pulley of the machine to be tested, as indicated in Fig 61. 
The pressure of the screws SS is then adjusted by the wing-nuts 
until the friction of the clamp on the pulley is sufficient to cause 
the motor to take a given current, and thf speed is then noted. 
Usually, the maxiinum tonjue or pull is the most important to 
test; and this is obtained in the case of a con slant- potential motor 
by tightening the screws SH until the motor draws its full current 
as indicated bv an ammeter. 'What the full current should be, is 
usually marked -on tho name-plate ; if not, it may be assumed to 
be' about 8 amperes per JI. P. for 110-volt motors, 4 amperes per 
II, P. for 220-volt, and 1 Hi amperes per II. P. for 500-volt 
motors. If the machine is rated in kilowatts, the full current in 
ami>eres can be found by multiplying by 1,000 and dividing by 
tho voltao-e of tho machine. The tor(jiio or pull is measured by 
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known weights, or more conveniently by a spring balance P, I 
desired, the test may also he made at tliree- quarters, one-halF, 01 
any other fraction oE the full current. 

The torque or pull in pounds which should be obtained, can 
also he calculated from the power at which the machine is rated, 
by the formula ; 

. H. P. X. 33,000 



Torque = - 



6.28 X i 



in which U. P. is the horse-power of the machine at full load, 
and S is the speed of the machine in revolutions per niinnte at 
full load. Torque is given at unit radius, commouly pounds at 
one foot. The pull at any other radius is converted into torqne 
by multiplying by the radius; 1, 2, and 4 ft. are convenient 
radii or lengths of lever for measuring pull. One H. P. produced 
at a s|)eed of 1,000 revolutions requires a pull of 5.25 pounds at 
end of 1-foot lever; at 500 revo- 
lutions, twice as much; at 2,000 
revolutions half as much;andBO 
on. If the lever is 4 feet, the 
pull is one-fourth as much, etc. 
The Torque of a Qeneretor, 
that is, the power required to 
drive it, is very conveniently de- 
termined by operating it as a 
motor, and testing it by the 
Prony brake as described above, 



^ ^ 



-ttf 



Pig. 51. 



the toniue of a generator beingpracticallyequal to that of a motor ' 
under similar conditions. 

Power. The electrical power of a generator or motor is found 
by testing the voltage andcurrentat the terminals of the machine, 
as already described, and multiplying the two together, wiiich gives 
the electrical power of the machine in watts.* Watts are converted 
into horsepower by dividing by 746, and into kilowatts by 
dividing by 1,000. 

The mechanical power of a generator or motor, that is, the 



•In tpHting 
ployed ioatead of i 



m alterDHting- current macbine. a wattmeter should be e 
. voltmeter and an ammeter, as explained later. 



byGoogle 



MANAGEMENT OF DYNAMO -ELECTRIC MACHINERY 75 

power required for or developed by it, is fonnd by multiplying its 
pull by its speed and by the circumference on whieli tbe pall is 
nieasiired, and dividing by 33,000. That is, 

P X S X 6.28 X R 
Ilorse-power ^ a8,(X>0 ' 

in which P la the pull in poimds, S the speed in revolutions per 
minute, atid li the radius ia feet at which F is measured. 

Efficiency. This is determined in the case of a generator by 
dividing the electrical power generated by it by the mechanical 
power required to drive it ; that is, 

. Electrical power 

Lfficiencv of generator = -n — i ■■ — i"^ — " — - 

■' ■= Mecbanical power 

Tho efficiency of a motor is the mechanical power developed 
by it, divided by the electrical power supplied to it ; that is, 

„„, . , Mechanical power 

tmciencv of motor ^^ ^fii -. — ;— ' . 

■' Electrical power 

These are the actual or commercial efficiencies of these ma- 
chines, and should be at least 90 per cent at rated load in maohiuea 
of 10 11. P. and over. 

The so-called "electrical efficiency" ia misleading and of 
little practical importance, and should not be considered in com- 
mercial work. The mechanical and electrical power in the above 
equations are determined as already explained. 

It is usually more convenient to test the efficiency of a gen- 
erator by testing it as a motor with a Prony brake. But the 
efficiency of a generator may be determined very easily by driving 
it with a calibrated electric motor, that ia, on© in which the power 
developed for any given number of volts and amperes consumed 
is known. Then it is only necessary to measure the watta sup. 
plied by the generator when the motor is running at a certain 
power, and the efficiency of the generator is the watts -i- the 
knmcn j>"ici'i: 

Another method is to employ two identical machines, one 
nsed aa a motor driving tbe other as a generator. The shafts of 
the two machines should be directly connected by some form of 
coupling ; a belt may be used, but its friction would cause a 
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Bmall loBR. The watts produced by the generator, divided by tho 
watts consumed by the motor, is the combined eflicienc-y of the 
two machines; and the efHciency of each is the square root of that 
fraction. For example, if the combined efficiency is .fil, then 
that of each machine is .90, since .90 X .90 ^^ .SI. This 
assumes that the two efficiencies are equal, which is sufficiently 
correct if the machines are exactly alike. The current from the 
generator may be used to help feed the motor, and then only the 
diflferotice in current nei-d be supplied. Tliis latter current repre- 
sents the inefficiency or losses from friction, etc., in both machines. 

To test in this way, connect both machines in parallel with 
the source of current; couple or belt them together; and then 
weaken the field, or shift the brushes of the machine which is to 
be used as a motor, so that it will speed up and drive the other 
as a dynamo, or cause it to drive the other by putting a large pul- 
ley on it. In thia way the motor will consume current from the 
circuit while the generator yields current to the circuit. Both 
currents are measured and the efficiencies calculated. 

The efficiency of a motor-generator or ordinary converter is 
very easily determined by simply measuring the input and out- 
put in watts (by wattmeters or by ammeters and voltmeters for 
direct currents), and dividing the latter by the former. 

These electrical methods of testing are preferable to mechan- 
ical, for the reason that the volts and amperes can be easily 
and accurately measured, and thf'ir product gives the power in 
watts.* Mechanical measurements of power by dynamoujetcr or 
other means are difficult, and usually not very accurate. 

Separation of Losses. The total losses in a generator or 
motor, except that caused by the electrical resistance of the arma- 
ture when carrying the full current, can bo closely determfned at 
once by noting the current required to run the machine free as a 
motor. In amachinoof 90 per cent efficiency, this should not amount 
to more than about 8 per cent of the current required to give 
rated power. Consequently the easiest way to test a machine is 
to run it as a motor without load. 

The various hisses of power that occur in a generator or motor 
may be determined and sc[>arated from each other as follows; 

■ WheD ^toraatins-curront macbioer}' ia being t^jstod u^ wattmoters 
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Take a generator, for example, and drive it with another 
machine ased as a motor in the manner described for testing fric- 
tion. The motor should previously be calibrated, that is, test^xl 
to determine the exact mechanical power it. develops for each 
amount of electrical power in watts supplied to it, aa described 
lor testing efficiency. A simple, shunt-wound motor on a con- 
stant-potential circuit ia best siiited to the purpose. The gener- 
ator ia firat driven at normal speed with no field magnetism and 
with the brushes lifted; then the actual power developed by the 
motor equals the power loat in the generator by the friction of 
bearinga and l»elt. The bruahei are then adjusted in contact with 
the commutator, with the usual pressure. The increaae in the 
power of the motor ia equal to the brush friction. 

Finally, excite the field m^iet to full strength, and the in- 
crease in the power exerted by the motor ia equal to the combined 
losses due to the Foucault or eddy currents and hysteresis in the 
iron core of the armature, provided there ia no considerable aide 
pull oa the armature. The pijwer wasted in Foucault currents 
varies as the square of the speed, while the hyateretic loss is only 
directly proportional to s[)eed; hence the two may be separated by 
testing the machine at. different B[)eeds. 

For example, let us call x and y the losses due to hysteresis 
and Foucault currents, resjKictively, at full apeed ; A the power 
consumed by both at full apeed; and E the power consumed at 

half speed. Then A = a: + j/, and B = -^ — i""T"' '^^"'^^i ^7 

eliminating x, we have y = 2 A -4B. That is the Foucault losa 
is twice the power consumed by both at full spiffed minus four 
times the power consumed by both at half apeed. The hyster- 
esis loss = A — y. If eddy currents are developed in the copper 
conductors of "the armature, they will increase the apparent 
Foucault loss as dt'termined by the abovo test, since they also 
vary aa the square of the speed. The power wasted by eddy cur- 
rents might be found by testing the armature without any conduc- 
tors upon it. This could be done only before the armature is 
wound or by unwinding it, neither of which is practicable except 
in the place where it is made. Ordinarily, however, eddy currents 
in the conductors do not amount to much unless they are very 
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large, and even then the use of stranded oondactors or condiictore 
embedded in slotB in the iron core largely OTercom^ the trouble. 

Friction of the air might alao increase the apparent Foucault 
loss; but it nsaallj cauaea only a very small loss, and is almost 
impossible toseparate except by running the machine in a vacuum, 
which is, of course, impracticable. The other losses are quite easily 
measared and separated, as follows : 

The number of watts used in the field can be measured by a 
voltmeter and ammeter, or it can be calculated by the formula : 

"Watts = -^jT- = I*R = EI, in which E is the voltage, R the 

Tesistance, and I the current. It is sufficient if any of these two 
quantities are known. The loss in the armature conductors, due 
' to ohrnic resistance is found by multiplying the square of the 
cnirent in the armature at full load by tha armature reeistance; in 
fact, this is usually called the '■' VR loss." This should not be 
more than 1 to ij per cent in a constant- potential generator or 
motor, whether it be alternating.or direct-current. The sum of 
all ths losses make up the difference between the total power con- 
eamed by the machine and the useful power that it develops. 

The ordinary values of the various losses in a good generator 
or motor of 25 H. P. are approximately as follows : 

Useful power developed about 92 percent. 

Used in mBgnetiziDg field about 1 to 2 " 

Loss in armature resistance (I'R) ... " 1 to 2 " 

Friction of bearings about 2 " 

Friction of brushes " Ji " 

Friction of air " H " 

Heterosis in armature core " ly " 

Foucault currents in armature core " \}i " 

Measurement of Power In A. C. Circuits. Id circnits car- 
rying alternating currents and having some inductive load either 
in the form of motors or arc lamps or a partly loaded transformer, 
etc., the ordinary method of determining the power, by voltmeter 
and ammeter measurements, is not applicable, as the current is 
seldom in phase with the E. M. F., and therefore the product' vrt?^ jt 
X amperes ia not the true power. 

There are several means for determining the true power of 
an A. 0. circuit, the simplest being an indicating wattmeter. A 
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wattmeter is an eleetro-djnamometer provided with two coils, a 
fixed one of coarse wire, the other movable and of fine wire. This 
movable coil ie connected in eeries with a large non-inductive 
resistance, so that the time-constar^ of the fine-wire circuit is 
extremely small; and hence ita 
impedance is practically equal to 
itsreBistauce; the current in, and 
resulting field of, the fine-wire 
coil will under these conditions 
be practically in phase with the 
potential difference across its 
terminals. The field produced 
by thecoarse-wirecoilis directly 
proportional to the current flow- 
ing through it at any instant. Hence, the couple acting on the fine- 
wire coil is proportional at a given instant to the product of these 
fields; so that the reading of the instrument, which depends on 
the mean value of the couple, will be proportional to the mean 
power, and, by providing the instrument with the proper scale, 
it can be made to read directly in watts. 



Fig. E 




In Fig. 52, A B represents an inductive load — say, a single-, 
phase motor — of which the power input is to be determined; C D 
the terminals of the thick-wire coil (current-coil) of the wattmeter; 
and E F the pressnre-coil terminals. When connected as above 
indicated, the wattmeter indicates directly the power in watts sup- 
plied. In the case of a two-phase system, where the two circuits 
are independent, the power may be measured by placing a watt- 
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meter in each phase, as bIiowd in Fig. 53, and adding tbe two 
readings. If the motor be connected up as shown in Fig. 53, * 
where A S forms a common return, the wattmeters are placed as 
indicated, care Ithig taken to place the cttrrent-eoUs in the oiif- 




Fig. &16. 

aiffe iiujins; and tlie power supplied is equal to the snm of the 

two wattmeter readings. 

The power of a balanced or unbalanced three. phase syatom 
can be determintnl by the use of two wattmeters connected as 

* This form of connection is possible odIjt wben the generator has two 
independeot windings, ono for each phase. 
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shown in Fig. 54, a aod i. The ctnTent-carrying coils are placed 
in serieB with two of the wires, and the preBSare-eoil respectively 
connected between these two mains and the third wire. The 
aUjelraio Bura of these two watt- 
meter readings gives the true power 
supplied. When the power factor of 
1 the system is less than .5, one of the 
wattmeters will read negatively It 
is sometimes difhcult to determine 
whether the smaller readings are neg- 
ative or not. If in doubt, give the 
wattmeter a separate load of incandes> 
cent lamps, and make the connections 
Buch that both instruments deflect properly; then reconnect them 
to the load to be measured. If the terminals of one instrument 
have to be reversed, the readings of that wattmeter are negative. 
J X — 




Fig. 65. 




Fig. 56. 
To measure the power of a balanced 4-wire 3 phase system, 
one wattmeter may be connected as shown in Fig. 55, and the 
wattmeter reading multiplied by 3. Usually, however, a 4-wire 
3-phase system is unbalanced; and to determine the power sup- 
plied under this condition, three wattmeters should be employed, 
one for each phase, the power supplied being equal to the algebra- 
ic sam of all three readings. 



ibyGoogle 



82 MANAGEMENT OF DYNAMO-ELECTRIC MACHINERY 

It IB obvtouB that in any of the above iostances one wattmeter 
could be employed, provided the necegsary switches are furnished. 
Assuming, for example, the S.phase 3-wire case, one wattmeter 
would require switch connections as shown in Fig. 5fi. A is a 
double-pole switch, which, when thrown to the left, places the 
current-coil of the wattmeter in aeries with the conductor of No. I, 
and, when thrown to the right, places it in series with No. III. 
Similarly, switch B changes the pressure terminals from between 
I and II to III and 11; while switches C and D are short-circuit- 
ing switches, one of which is closed previous to removing the 
current-coil from one phase to the other, and the other one opened 
after the coil is in position as indicated. 

LOCALIZATION AND REnEDY OF TROUBLES. 

The promptness and ease with which any accident or ditBcnIty 
with electrical machinery can be dealt with, will always have 
much to do with the snccess of a plant. The following list of 
troubles, symptoms, and remedies for the various types and sizes 
of dynamos and motors in common use, has been prepared to 
facilitate the detection and elimination of snch difUculties. 

It is evident that the subject is somewhat complicated and 
difficult to handle in a general way, since so much depends upon 
the particnlar conditions in any given case, every one of which 
must be included in the table in such a way as to distinguish it 
from all others Nevertheless, it is remarkable how much can he 
covered by a systematic statement of the matter, and nearly all 
cases of trouble most likely to occur are covered by the table, so 
that the detection and remedy of the defect will result from a 
proper application of the rules given. 

It fniquently happens that a trifling oversight, snch as allow- 
ing a wire to slip out of a binding. post, will cause as much 
annoyance and delay in the use of electrical machinery as the most 
serious accident. Other troubles, equally simple but not so 
easily detected, are of frequent occurrence. 

The rules are made, as far as possible, self-explanatory; but 
a statement of the general plan followed and its most important 
features will facilitate the understanding and use of the table. 
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USE OF THE TABLE OF TROUBLES. 

In the use of this table, tbe principal object should be to 
separate clearly the various causes and effects from one another. 
A careful and thorough examination should first be made; and, 
aa far as possible, one should be perfectly sure of the facta, rathor 
than attempt to guess what they are and junnp at conclusions. Of 
course, general precautions and preventive measures should be 
taken before any troubles occur, if possiMe, rather than to wait 
until a difficulty has arisen. For example, one should see 'that 
the machine is not overloadwl or running at too high voltage, and 
should make sure that the oil-cups are not empty. Neglect and 
carelessness with any machine are usually and deservedly followed 
by accidents of some sort. It is usually wise to stop the ma- 
chine when any trouble manifests itself, even though it does 
not seem to bo very serious. It is often practically impos- 
sible to shut down; but even tben, spare apparatus should be 
ready. The continued use of defective machinery is a common 
but very objectionable practice. 

The general plan of the taoie is to divide all troubles that 
may occur to generators or motors, into ten classes, the headings 
of which are tbe ten most important and obvious bad effects pro- 
duced in these machines, vh.: 

I. Sparking at Coniinutator. 
II. Heating of Cominutator and Brushes. 
lU. Heating of Armature. 
IV. Heating of Field Mogneta. 
V. HeaUng of Bearings. 
VI. Noisy Operation. 
VIl. Speed not right. 
VIIL Motor stops or falls to start. 
IX. Dynamo falls to generate. 
X. Voltage not right. 
Any one of these general effects is evident, even to the casual 
observer, and still more so to any person making a careful ex- 
amination; hence nine-tenths of the possible cases can be elimin- 
ated immediately. 

The next step is to find out which particular one of the eight 
or ten causes in this class is responsible for the trouble. This 
requires more careful examination, but nevertheless can be done 
with comparative ease in most cases. One cause may produce 
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two effects, and, vi-ce verm, one effect may be produced hy two 
causes; but tile table ia arranged to cover this fact as far as 
possible. In a complicated or difiicult case it ia well to read 
through the entire table and note what causes can possibly apply. 
Generally there will not be more than two or three; and the par- 
ticular one can be picked out by following the directions, which 
show how each case may be distinguished from any other. 

I. 5PARKIN0 AT THE COMMUTATOR. 

This ia one of the moat common of troubles, being often quite 
serious because it burns and cuts the commutator and brushes, at the 
same time producing heat that may spread to and injure the arma- 
ture or bearings. Any machine haying a commutator is liable to it, 
including practically all direct-current and some alternating-cur- 
rent machines. The latter usually have continuous collecting 
rings not likely to spark; but self-exciting or composite-wound 
alternators, rotary converters, and some alternating-current motors 
have supplementary direct -current commutators. A certain 
amount of sparking occurs normally in moat .constant-current 
dynamos for arc lighting, where it is not very objectionable, since 
the machines are designed to stand it and the current is small. 

Cause 1. Armature carryiti|; too much current, due to (it) 
overload (for example, too many lamps fed by dynamo, or too 
much mechanical work done by motor; a short circuit, leak, or 
ground on the line may also have the effect of overloading a 
dynamo); (i) excessive voltage on a constant -potential circuit, or 
excessive amperes on a constant-current circuit. In the case of a 
motor, any friction, such as armature striking pole pieces, or a 
shaft not turning freely, may have the same elfect as overlo::d 

Symptom. "Whole armature becomes- overheated, and bi'lt (if 
any) becomes very tight on tension side, sometimes squeaking 
because of slipping on pulley. Overload due to friction is de- 
tected hy stopping the machine, and then turniug it slowly by 
hand. (See V and VI, 2.) 

Kemedt. («) Reduce the load; or eliminate the short cir- 
cuit, leak, or ground on the line; (i) decrease size of driving 
pulley, or (c) increase size of driven pulley; (d) decrease magnetic 
strength of field in the case of a dynamo, or increase it iu the case 
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of a motor. If excesa of carreiit caanot Batiafactorily be overcome 
in any of tbe above ways, it will be necessary to change the 
machine or its winding. Overload due to friction is eliminated 
as described under V and VI, 2. 

If the starting or regulating rheostat of a motor has too 
little resistance, it will cause the motor to start too suddenly and 
to spark badly at first. The only remedy is more resistance in the 
box. 

Cause 2, Brushes not set at the neutral point. 

Symptom, Sparking varied by shifting tbe brushes with 
rocker-arm. 

Kkmedt. Carefully shift brushes backwards or forwards 
tintil sparking is reduced to a mininuim. This can be done by 




Fig. 58. 



Pig. r.o. 



simply moving the rocker-arm. If only slightly out of position, 
heating alone may result, without disarrangement being bad 
enough to show sparking. If the brusheaare not exactly opposite 
in a bipolar, 90° apart in a four-pole machine, and so on, tbey 
should be made so, tbe proper points of contact being determined 
by counting the coin mutator- bars or by careful measurement, 

Tbe usual position for brushes is opposite tbe spaces between 
the pole pieces, but in some machines they must Iw'set in line 
with centers of pole pieces or at some other point. If tbe brushes 
are set exactly wrong, this will eanse a dynamo to fail togtsnerate 
and a motor to fail to start, and will blow the fuse or ojien the 
circuit-breaker. (Sc;e IX, 0.) 

Cause 3. Commutator rough, eccentric, or has one or 
iDor^ "bish bars " projecting beyond the others, or one or more 
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Hat bars, commonly called flats, or pro}ecting mica, any one of 
wLich causes tbe liriiehes to vibrate or to be actually thrown ont 
of contact with the commutator (Figs, 58 and 5i>). Hard mica 
between the bars, which does not wear as rapidly as the copper, 
will prevent good contact or throw brushes off. 

Symptom. Kote whether there is a glaze or polish on the 
commutator, which shows smooth working; touch revolving com- 
mutator with tip of finger nail, and the least roughness U percep- 
tible; or feel brushes to see if there is any jar. If the machine 
runs at high voltage (over 250), the commutator or brushes 
should be touched with a stick or (juill to avoid danger of shock. 
In the case of an eccentric commutator, careful examinatioQ 
ehows a rise and fall of the 
brush when the commutator 
turns slowly, or a chattering 
of brush when it is running 
fast. Sometimes, by sighting 
in line with brush contact, one 
can see daylight between com- 
mutator and brush, owing to 
brush jumping up am] down. 

ICemkdv. Smooth the com- , 
mutator with a fine file or fine 
sandpaper, which should be 
applied on a block of wood that 
■ exactly fits the commutator pig_ qo_ 

(being careful to remove any 

sand remaining afterward; and nev.r «w finen/). If commutator 
is very rough or eccentric, the armature should be taken out and put 
in a lathi', and the commutator turned off. Large machines often 
have a slide-rest attachment (Fig. 60), so that the commutator can 
be turned oft without removing the armature. This is clasped on 
the pillow-block after removing the rocker-arm. 

For turning off a commutator, a diamond -pointed tool should 
ho used, this being better than either a round or square end. It 
should have a very sharp and smooth edge; and only a fine cut 
should bo taken off eaeh time in order to avoid catching in or tear- 
ing the copper, which is very tough. The surface is then finished 
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by applying a " dead smooth " file while the commutator revolves 
rapidly in the lathe. Any particles of copper should then be 
carefully removed from between the bars. 

To have the commutator wear smooth and work well, it 13 
d;isirable to have the armature shaft move freely back and forth 
about an eighth of an inch in the bearings while it is running. A 
commutator should have a glaze of a brown or bronze color. 
A very bright or scraped appearance doea not indicate the tiest 
condition. Sometimes a very little vaseline or a drop of oil may 
be applied to a commutator that is rough. Too much oil is very 
bad, and causes the following trouble: 

Cause 4. Brushes make poor contact with commutator. 

Symptom, Close examination shows that brushes touch only 
at one corner, or only in front or behind, or there is dirt on sur- 
face of contact. Sometimes, owing to the presence of too much oil 
or from other cause, the brushes and commutator become very 
dirty, and co\-ered with smut- 
They should then be carefully 
cleaned by wiping with oily rag 
or benzine, or by other means. 

Occasionally a " glass-hard " 
carbon brush is met with. It is 
incapable of wearing to a good 
seat or contact, and will touch at 
only one or two points. Some 
carbon brushes are of abnormally 

high resistance, so that they do not make good contact. In snch 
cases new brushes should be substituted. 

Kemedt. Carefully fit, adjust, or clean brushes until they rest 
evenlyon commutator, with considerable surface of contact and with 
sure but not too heavy pressure. Copper brusbes require a regular 
brush jig (Fig. 61). Carbon brushes can be fitted perfectly by draw, 
ingastripof sandpaper back and forth between them and the com- 
mutator while they are pressing down. A band of sandpaper may be 
pasted or tied around the commutator, and the armature then slowly 
revolved by hand or by power while the brushes are pressed upon it. 

ll ijuinetimes happens that the brushes make poor contact be- 
cause the brush-holders do not work freely. 
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Cacss 5. Short-circuited or reversed coil or coils in ar- 
mature. 

SySiffom. a motor will draw excessive current, even when 
running free without load. A djnanio will require considerable 
power, even without any load. For reversed coil, s<!e III, 5, 

The short- circuited eoil is lu-ated niupli more than the others, 
and is liable to bo burnt out entiivty; therefore the machine 
slioukl be stoj)|)ed i mined lately. If ni'cessary to run machine in 
order to Iwate the trouble, one or two jiiinutea is lonjr enoufih; but 
tbia may be repeated until the short-circuited coil is found by feel- 
ing the armature all over. 

An iron ecrew-driver or other 1»h»1 held between the field 
magnets near the revolving armature, vibrates very jierceptibly as 
the ahort-circuited coil passes. Almost any armature, })articularly 
one with teeth, will cause a slight bnt rapid vibration of a piece of 
iron held near it; but a short ciivuit jiriiduces a much stronger 
effect only o}/re jHir revolution, faro should be taken not to let 
the piece of iron be drawn in and jam the armature. 

The current jiulsates and torque is unequal at different parts 
of a revolution, these being particularly noticealile when several 
coils are short-circuited or reversed and the armature is slowly 
turned, IE a large jiortion of the armature is short-circuited, the 
heating is distributed and is harder to locate. In this case a motor 
runs very slowly, giving little jiower but having full field magnet- 
ism, A short-circuited coil can also be detected by the drop-of- 
potential method. For dynamos, see IX, 3. 

Kkmedy. A short circuit ia often caused by a piece of solder 
or other metal getting between the com mutator- bars or their con- 
nections with the armature; and sometimes the insulation between 
or at the ends of these bara is bridged'ovcr by a particle of metal. 
In any such case the trouble is easily found and corrected. If, 
however, the short circuit is in the coil itself, the only-effective 
remedy is to rewind tho coil, 

One or more " grotmds " in the armature may produce effects 
similar to those arising from a short circuit, (Si^e Cause 7.) 

Cause G. Broken circuit in armature. 

SvMiToM, Commutator fiasbea violently while running, and 
commutator-bar nearest the break is badly cut and burnt; bnt in 
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this ease no particalar armature coil will be heated as in the last 
case; and the flashing will be very much worse, even when turning 
slowly. This trouble, which might be confounded with a bad case 
of "high bar" in commutator (Cause 3), is distinguished there- 
from by slowly turning the armature, when violent flashing will 
continue if circuit is broken; but not with "high bar" unless it 
is very bad, in which case it is easily felt or seen. A very bad 
contact has almost the same effect aa a break in the circuit. 

Remedy. A break or bad contact can be located by the 
"drop" method (page (i3) or by a continuity test (page 08). 
The trouble is often found where the armature wires connect with 
the commutator, and not in the coil itself, and the break may be 
repaired or the loose wire properly fastened. If the trouble is due 
to a broken commutator connection, and cannot be fixed, the discon- 
nected bar may be temporarily connected 
to the next by solder, or the brushes may 
be "staggered," that is, one put a little 
forward and the other back so as to bridge 
over the break (Fig. 02). It may be iin- 
practicable to " stagger " radial and some 
other arrangements of brushes, but usually 
a brush is thick enough to make contact 
with more than one commutator bar. If 
p; g2 "^^'^ break is in the coil itself, rewinding is ■ 

generally the only cure. But this may be 
remedied temporarily by connecting together by wire or solder 
the two commutator-bars or coil -terminals between whieh the 
break exists. It is only in an emergency that armature coils 
should be cut out or commutator bars connected together, or other 
makeshifts resorted to ; but it sometimes avoids a very undesir- 
able stoppage. A very rough but quick and simple way to con. 
nect two commutator bars, is to hammer or otherwise force the 
coppers together across the mica insulation at the end of the com- 
mutator. This should be avoided if possible ; but it it has' to be 
done in an emergency, the crushed material can afterwards be 
picked out and the injury smoothed over. In carrying out any 
of these methods, great care sjionld be taken not to short-circuit 
any other armature coil, which would cause sparking (Cause 5). 
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Ca.vri£ 7. around In Armature. 

Symptom. Two "grounds" (accidental connections between 
the conductors on the 'armature and ita iron core or the ehaft or 
spider) wouJd have praeticatly the same effect as a short circnit 
(Cause 5), and would be treated in the same way. A single 
ground would have little or no effect, provided the circuit ia not 
intentionally or accidentally grounded at some other point. On 
an electric-railway (" trolley ") or other circuit employing the 
earth as a ruturn conductor, one or more grounds in the armature 
would allow the current to pass directly through them, and would 
cause the motor to spark and have a variable torque at different 
parts of a revolution. 

Remedy. A ground can be detected by testing with a mag- 
neto bell (page 07). It can also be located by the drop-of-po- 
tential method (page 03). Another way to locate it is to wrap a 
wire around the commutator so as to make connection with all of 
the bars, and then connect a source of current to this wire and 
to the armature core (by pressing a wire upon the latter). The 
current will then flow from the armature conductors through the 
ground connection to the core, and the magnetic effect of the 
armature winding will bo localized at the point where the ground 
is. This point is then found by the indications of a compass 
needle when slowly moved around the surface of the armature. 
The current may be obtaioLKi from a storage battery or from the 
circuit, but should be regulated by lamps or other resistance so as 
not to exceed the normal armature current. Sometimes the 
ground may be in a place where it can be corrected without much 
trouble, but usually the particular coil and often others must be 
rewound. A ground will be produced if the insulation is punc- 
tured by a spark of static electricity, which may be generated by 
the friction of the belt. If the frame of the machine ia connected 
to the ground, the static charge will pass off to the ground ; but 
such grounding is often inadvisable, and in such cases the frame may 
be connected to the ground through a Geissler tube, a wet thread, 
a heavy pencil-mark on a piece of unglazed porcelain, or other very 
high resiatance which will carry off a static .charge of very high 
potential and almost infinitesimal quantity, but will not permit the 
passage of any considerable current that might cause trouble. 
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Cadee 8. Weak Field Mi«tietlsni. 

Symptom. Pole pieces not strongly magnetic when tested 
with u piece of iron. Point of least sparking is shifted consider- 
ably from normal position, owing to relatively strong distorting 
effect of armature magnetism. Speed of a shunt motor is usnally 
high unless magnetism is very weak or nil, in which case a motor 
may run slow, stop, or even run backwards.* A generator fails to 
generate the full E.M.F. or current. 

The particular cause of trouble may be found as follows: A 
broken circuit jn the field of a motor is found by purposely open- 
ing the field circuit at some point, taking care first to disconnect 
armature (by putting wood under the brushes, for example), and 
to use only one hand, to avoid shock. If there is no spark when 
circuit is thus opened, there must be a broken circuit somewhere. 
A short circuit in the field coils is found by measuring their 
resistance roughly to see if it is very much leas than it should be. 
Usually a short circuit is confined to one magnet, and will there- 
fore weaken that one more than the others; and a piece of iron 
held half-way between the pole pieces will be attracted to one 
more than to the other. The short circuit may be found by the 
.drop-of-potential method, by testing from the joint between the 
field coils to each outside terminal, "Grounding" is practically 
identical with short-circuiting, but one ground will not produce 
this effect until another occurs. A double ground, through which 
the current finds 'a complete path, is equivalent to a short circuit. 
In the ordinary " trolley " electric-railway syatem, a ground return 
ia used, and the neutral conductor of three-wire systems is often 
grounded. In such cases one ground may be sufficient to cut out 
one or more field coils. 

If one field coil is reversed and opposed to the others, it will 
weaken the field magnetism and cause bad sparking. This may 
be detected by examining the field coils to see if they are all con- 
nected in the right way, or by testing with a compass needle. 
(See IX, 4.) The series-coil of a compound- wound dynamo or 
motor is ofted connected wrongly, and will have the wrong effect, 
that is, will rednce the voltage of the former or raise the speed of 
the latter with increase of load. 

* Note. If the motor is not loads*], it will race. 
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Kemedy. a broken or short circuit or a ground is easily 
repaired if external or accessible. If it is internal, the only 
renK.'dy is to replace or rewind the faulty coil. A shunt motor 
will spark badly in starting if the armature is connected beforo 
the field. This can be remedied by adjusting the contacts and 
Bwitch-arm. If the voltage is too low on the circuit, it may cause 
sparking in a shunt dynamo or motor; and if the voltage cannot 
be raised, the resistance of the field circuit should be reducinl by 
unwinding a few layers of wire or by substituting other coils 
(See VII, VIII, IX, and X.) 

Cause 9. Vibration of Machine. 

SvMproM. Considerable vibration is felt wlifn the hand ia 
placed upon the machine, and sparking decreases if the vibration 
is reduced. 

Keuedt. Tlie vibration is usually duo to an imperfectly bal- 
anced armature or pulley {see VI, 1), to a Imd belt (see VI, (i), or 
to unsteady Joundations; and the remedies described for these 
troubles should be applied. 

Any considerable vibration ia likely to produce sparking, of 
which it ia a eomniou cause. This simrklng can be reduced by 
increasing the pressure of the bruslies on the commutator, but the 
vibration itself should be overcome. 

Cacse 10. Chatter of Brashes. 

The commutator sometimes becomes sticky when carbon 
brushes are need, causing friction, which throws the brushes into 
rapid vibration as the commutator revolv.>s, similar to the action 
of a violin bow. 

Sthptom. Slight tingling or jarring is felt in brushes. 

Remedy. Clean commutator, and oil'slightly. 

Cause 11. Flying break in armature conductor. 

Sthptom. No break found by test with armature standing 
still, but break shown by flashing at brushes, when tunning, being 
usually due to centrifugal force, 

Remedy. Tighten connections to commutator, or re{)air 
broken wire, etc. 

Excessive heatino in qenerator or noroR. 

General Instructions. The degree of heat that is injurious 
or objectioofthle ia a generator Qr motor \e eaeilj' deteriniood by 
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feeling the varioua parts. If the Lent is bearable to the hand, it 
is entirely hannk-ss; but if unbearable, the safe limit of tempera- 
ture has been approached or passed, and the heat should be reduced 
in some of the ways that are indicated below. In testing with the 
hand, allowance should be made for the fact that bare metal feels 
much hotter than cotton at the same temperature. The back of 
the hand is more sensitive than the palm for this test. If the heat 
has become so great as to produce an odor or smoke, the safe limit 
has been far exceeded, and the current should be shut off immedi- 
ately and the machine stopped, as this indicates a serious trouble, 
such as a short-circuited coil or tight bearing. The machine should 
not again be started until the cause of the trouble has been found 
and positively overcome. Of course, neither water nor ice should 
ever be used to cool electrical machinery, except possibly the bear- 
ings of large machines at points where they can be applied without 
danger of wetting the other parts. 

Feeling for heat will serve as a rough test to detect excessive 
temjteratures or in emergencies; but, of course, the sensitiveness of 
the hand varies, and it makes a great difference whether the sur- 
face is a good or bad conductor of heat. The proper and reliable 
methods for determining rise in tem|)erature are given on jwige 
5!t, Part I. 

It is very important, in all cases of heating, to locate the 
source of heat in- the exact part in which it is produced. It ia u 
common mistake to suppose that any part of a machine that is 
found to be hot is the seat of the trouble, A hot bearing may 
cause the armature or commutator to heat, or v'ee versa. In everj' 
case all parts of the machine should be tried to find which ia the 
hottest, since heat generated in one part is rapidly diffused through- 
out the entire machine- It is better to make observations for heat- 
ing by starting witii the whole machine cool, which ia done by 
letting it stand for several hours. 

ll. HBATINQ OF COMMUTATOR AND BRUSHES. 

Cause 1. Heat spread from another part of machine. 

Symptom. Start with the maehiue cool, and nm for a short 
time, BO that heat will not have time to spread. The real seat of 
trouble is the part that heats first. 

Semedy. (See Heating of Armature, Fields, and Bearings.^ 
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Cause 2. Sparking. Any of the causes of sparking will 
cause heating, which may be slight or Berioua. 

Symptom and Hemedy. See " Sparking." 

Cavhk 3. Tendency to spark, or slight sparking hardly 
visible. 

Sometimes before sparking appears, serioue beating is pro- 
duced by the causes of sparking, such as the short-circuiting of 
the coils as their com mutator- bars pass under the brushes. 

Symptom. Keduced by applying the principal remedies for 
sparking, such as slightly shifting rocker-arm. Fine sparks may 
be found by sighting in exact line with the surface of contact 
between the commutator and brushes. 

Kemedy. (See " Sparking.") Apply the remedies with 
extra care. ' This incipient s])arking may bt* due to excessive in- 
ductance in the armature coils, which can be corrected only by 
reconstruction; or it may be due to insufficient field strength, and 
this can be cured by increasing the am] )ere. turns of field winding. 

Calse 4. Overheated commutator will decompose cartwn 
brush. 

The effect is to cover commutator with a black film which 
offers resistance and aggravates the heat. 

Symptom. Commutator covered with dark coating; commu- 
tator, brushes and holders show marks of abnormal heat. 

Bemedy. Commutator and brushes should be carefully 
cleaned, and the latteradjusted to make good contact at the proper 
points. 

Cacse 5. Bad connections In brudi^holder. cable, etc. 

Symptom. Holder, cable, etc., feel hottest; unusual resistance 
found in these parts by "drop method." 

Kemeuy. Improve the connections. 

Cause C. Arcing or short circuit In commutator. 

This may occur across mica or insulation between bars or 

DUtS. 

Symptom. Burnt spot between parts; spark appears in the 
insulation when current is put on. 

Remedy. Pick out the charred particles; take commutator 
apart and repair; or put on new commutator. 

Cadse 7. Carbon brushes heated 1^ the current. 
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Carbon brushes require less attentioa than copper, bwause 
they do not cut the commutator, and their resistance nanally rc< 
duces sparking, bnt it may also cause them to heat. 

SyupTOH. Bmsbea hottar than other f&rts. 

Keicedt. Use carbon of higher condnctivity. Let the 
bruBh-hoIder grip bmab closer to commutator, so as to reduce the 
length of brush through which the cnrrent must pass. Keinforve 
the brush with copper gaoze or sheet copper. Use lai^r bruabea 
or a greater number. 

III. HEATINQ OF ARMATURE. 
Cause 1. Excessive current in armature coils. 

Sthptqu and Remedy the same as in case of "Sparking," 
Cause 1. 

Cause 2. Short-circuited armature coils. 

Syuftoh and Beuedy the same as in case of "Sparking;" 
CauBe 5. See also Cause 7. 

Cause 3. rioisture in armature coils. 

Symptom. Armature requires considerable Dower to run free. 
Armature steams when hot, or feels moist. This is really a 
special case of Cause 2, as moisture has the effect of short-circuit- 
ing the coils through the insulation. Measure insulation resist- 
ance of armature ; this should test at least one megohm if arma- 
tare is in good condition, but would be much lowered by mois- 
ture. (See " Insulation Tests.") 

Bemedy. The armature should be baked for 5 to 10 hours 
in an oven or other place sufficiently warm to drive out the mois- 
ture, but not hot enough to run any risk of burning or even 
slightly charring the insulation, A neat way to do this is to pass 
through the armature a current regulated to be about three quar- 
ters of the rated armature current, the armature being held still 
or turned over occasionally. 

Cause i. Poucault currents in armature core. 

Symptom. Iron of armature core hotter than coils after a 
short run, and coitfiiderable power required to run armature when 
NoTK. Anj excess of current t&ken by an armature when raaaiag free, 
whatever the cause, must be convertod into heat by some defect in the 
motar; hence the "tree current" ia the Eimplest and most complete test of the 
ofBciency and perfect condition of the mochin*'- 
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field 13 magnetized and there is no load on armature. This can 
be distin^ielied from ('aiise 2 by absence of Hparking and absence 
of excessive beat in a particular coil or coils after a short run. 
(See " Stray Power TestH.") 

Kemedy. Armature core should be laminated more perfectly, 
which is a matter of first construction. 

Cause 5. One or more reversed colls on one side of 
armature. This will cause a local current to circulate around 
armature. 

Symptom. Exceaeiv© current when running free, but no par- 
ticular coil heated more than others. If a moderate current is 
applied to each coil in succession by touching wires carrying 
current to each two adjacent co:nmutator-bar8, a co:npa3a needle 
held over the coils will behave differently when the reversed coil 
is reached. In a motor the half of armature containing the re- 
varsed coils is heated more thrin the other. 

Remedy. IteL'onneL't the coil to aifreo with the others. 

Cause (S. Heat conveyed from other parts. 

SvMPToM. Other parts hotter than ariuaturi'. Start with 
'"ttchine cool, and see if other parts heat tirat. 

RtaiEDY. See Heating of Bearings, Field and Coiuinutator. 

Cause 7. Flying cross In armature conductor. 

Symptom and Kkmkdy similar to tlie caw of sjiarking (Cause 
11), except that reference here is to tbj insulation of the con- 
ductors. 

IV. HEATINQ OF FIELD MAONETS. 

Cause 1. Excessive current in field circuit. 

Symitou. Field coils too hot to ke^'p tlie hand on. Their 
temperature more than 50"'C above that of rootii by reaiatance test 
or by thermometer. 

Remedy. In the case of a Bhunt-wouiKl machine, decrease 
the voltage at terminals of field coils; or increase the resistance in 
field circuitbywindingon more wire or putting resistance inseries. 
In the case of a series- wound machine, shunt a portion of, or other- 
wise decrease, the current passing through field; or take a layer or 
more of wire off the field coils; or rewind with coarser wire. This 
trouble might be due to a short circuit in field coils in the case of 
a shunt-wound dynamo or motor, and would be indicatod by the 
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pole piece with the ahort-eironited coil being weaker than the 
others. This coil iseooler than the others; in fact, if completely 
short'Circaited, it is not heated at all. This condition can be rem- 
edied only by rewinding the short -circni ted coil. Measure resist- 
ance of the field coila to see if they are nearly eijual. (See "drop 
method.") If the difference is considerable (say, more than 5 or 
10 per cent), it is almost a sure sign that on« coil is short-circuited 
or double-groanded. 

Cause 2. Foucault currents In pole pieces or field cores. 

Symptom. The pole piei-es hotter than the coils after a short 
run. When making the comparison, it is necessary to keep the 
hand oh the coils soma time before the full elfect is reached, be- 
cause the coils are insulated and tlie pole pieces are bare metal, and 
even then the coils will not feel so hot, although their actual tem- 
perature may be higher if measured by a thermometer. 

Remedy. This trouble is due to faulty design of toothed- 
armature machines, which can be corrected only by rebuilding, or 
is caused by fluctuationa in the current. The latter can bo de- 
tected, if the variations are not too rapid, by putting an ammeter 
in circuit; or rapid variations may be felt by holding a piece of 
iron near the pole pieces, and noting whether it vibrates. In the 
case af an alternating current it is necessary to use laminated 
fields to avoid great heating. 

Cause 3. Moisture In field coils. 

Symptom. The field circuit teats lower in resistance than 
normal in that type of macLinf ; and in the case of shunt- wound 
machines, the field takes more than the ordinary current. Field 
coils Bteam when hot, or feel moist to hand. The insulation 
resistance also teats low. 

Kkmedv. The aame as for moisture ip firmature (III, 3). 

V. tIBATINO OF BBARINQS. 

The cause should be found and removed ])romptly, but heat- 
ing of the bearings can be reduced temporarily by applying cold 
water or ice to them. This is allowable only when absolutely 
necessary to keep running; and great care should be taken not to 
allow any water to get u[)on the commutator, armature, or field- 
coils, as it might short-circuit or grouud them. If the bearing is 
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very hot, the Bhaft ehould be kept revolving slowly, as it might 

" freeze," or stick fast, if stopped entirely. 

Cause 1. Lack of oil. 

Symptom. Oil-cup reservoir empty. Oil paaaagee clogged. 

Self-oiling rings stick fast. Shaft and hearing look drj'. Tlie 

shaft does not turn freely. 

Kemedy. Supply oil, and make sure that oil passages as well 

as feeding or self -oiling devices workf reely, 

^ffij ^T^^ and that the oil cannot leak out. This 

_ last fault sometimes causes oil to fail sooner 

Fig. 63. , , 1.1. 

ttian attendant expects. A good quality 

of oil should always be used, as poor oil might he as had as no oil. 

Cause 2. Qrlt or other foreign matter In bearings. 

SvMi-niM. Best detected by removing shaft or hearing and 
examining both. Any grit can of course be felt easily, and will 
also cut the shaft. 

Rkmkdt. Remove shaft or beariog, clean both very care- 
fully, and see that no grit can get in. Place machine in dustlesa 
place or box it in. The oil should he perfectly clean; if not, it 
should be filtered. If it is not possible to stop the machine or to 
remove the shaft, the dirt may be washed out with kerosene or 
water; but these should not be allowed to get on the commutator, 
armature, or field coils. 

Cause 3. Shaft rough or cut. (Fig. G3.) 

Symptom. Shaft will shgw grooves or roughness, and will 
probably revolve stiffly. 

Kkhedy. Turn shaft in lathe; or smooth with fine Hie; and 
see that bearing is smooth and fits shaft. 

Cause 4. Shaft and bearing fit too tight. 

Symptom. Shaft hard to revolve by hand. 

Remedy. Turn or file down shaft in lathe, or scrape or ream 
DQt bearings. 

Cause 5. Shaft <> sprung" or bent. 

Symptom. Shaft hard to revolve, and usually sticks much 
more in one part of revolution than in another. 

Remedy. It is very difficult to straighten s bent shaft. It 
might be bent back or turned true, but probably a new shaft will 
be ueeessary. 
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Gaube 0. Bearings out of line. 

Symptom. Shaft hard to revolve, but is much relieved by 
slightly loosening the screws that hold bearings in place, when 
machine is not running and when belt, if any, is taken off. 

Remedy, Loosen the bearings by partly unscrewing bolts 
or screws holding them in place, and find their easy and true 
position, which may require one of them to be moved either aide- 
ways or up or down; then file the screw-holes of that bearing, or 
raise or lower it, as may be necessary, to make it occupy the right 
position when the screws are tightened. The armature, however. 
must be kept in the center of the space between the pole pieces, 
so that the clearance is iinifonn all around, (See Cause 9.) 

Cause 7, Thrust or pressure of pulley, collar, or shoulder 
on shaft against one or both of the bearings. 

Symptom. Move shaft back and forth with a stick applied to 
the end while revolving, and note if the collar or shoulder tends 
to be pushed or drawn against either bearing. It is usually de- 
sirable that a shaft should move freely back and forth about an 
eighth of an inch, to make commutator and bearings wear 
smoothly. 

Remedy. Line up the belt; shift collar or pulley; turn ofif 
shoulder on shaft, or file off bearing, until the shoulder does not 
touch when running, or outil pressure is relieved. 

Cause 8. Too great a load or strain on the l)elt. 

Symptom, Great tension on belt. In this ease the pulley 
bearing will probably be very much hotter than the other, and 
also worn elliptical, as indicated in Fig. 04, in which case the shaft 
can be shaken in the bearing in the direction of the belt pull, when 
the belt is off, provided the machine has been running long enoug!: 
to wear the bearings. 

Remedy. Reduce load or belt tension, or use larger pulleys 
and lighter belt, so as to relieve side strain on shaft, (See " Belt- 
ing.") 

Cause 9. Armature too near one pole piece, producing much 
greater magnetic attrsction on nearer side. 

Symptom. Examine the clearance of armature to see if it is 
uniform on all sides. Charge and discharge the field magnet, the 
armature being disconnected (by putting wood under the brushes); 
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and note \('hether arniatiire Buems to l>e drawn to one sido and 
turns very mucli lees easily when field in magnetized. 

Geukdy. This fault is due either to a defect in the original 
construction, or to wear in the bearings, either of wliioh is difficult 
to correct; bnt in cases of necessity the arniatnre can be centered 
exactly in the field by moving the bearings, which may he done by 
carefnlly filing the holes through which the ecrewa pass that hold 
the bearings in place; or the pole piece may be filed away where 
it is too near the armature. 

Trouble from this cause is greater in multipolar than in bi- 
polar machines, and always tends to l>efonie aggravated, because 
the more the side pull the more the bearings wear i[i tliat direc- 
tion. If, on the other hand, the armature 
is in the center of the sjiaco formed by the 
pole pieces, the magnetic pull is practically 
balanced in all directions. 

It is risky to file bolt-holes or make any 
such change in a machine; and this should 
never be attempted before consulting an ex- 
perienced machinist. Very often the trouble 
p. g^ is doe to the parts being out of place merely 

because they have not been put together right 
or because there is dirt between them. If the bearing is worn, it 
may be rebabbitted or renewed. 

Cause 10. Bearing heated by hot pulfey, commutator, or 
armature. 

Symptom. Pulley, armature, or commutator hotter than bear- 
ing. The slipping of the belt on the pulley, sparking at the commu- 
tator, or heating of the armature may heat one or both bearings of 
the machine, in which case an examination will show that these 
parts are hotter than the bearing, and the real source of the trouble. 
Kemedt. a slipping belt, sparking commutator, or hot 
armature can be cured as described under these headings, and then 
tho bearing will probably cease to heat. 

VI. NOISY OPERATION. 

CArsE 1. Vibration due to armature or pulley bdns out 
of balance. 
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Symptom. Strong vibration felt when the hand is placed 
upon the machine while it is running. Vibration changes greatly 
if Bpeed is changed, and sometimeB almqet diBappeara at certain 
speeds. 

Kemedv. Armature or pulley must be perfectly balanced 
by securely attaching lead or other weight on the light aide, or by 
drilling or filing away some of the metal on the heavy side. The 
easiest method of finding in which direction the armature ia 
out of balance is to take it out, and to rest the shaft on two 
parallel and horizontal A-shaped metallic tracks sufficiently far 
apart to allow the armature to go between them (Fig. 65). If the 
armature is llitn slowly rolled back and forth, the heavy aide 
will tend to turn downward. The armature and pulley should 
always be balanced separately. An excess of weight on one 
side of the pulley and an equal excess of weight on the op- 
posite side of the armature will not produce a balance while 
running, though it does when standing still; on the contrary, 
it will give the shaft a strong tendency to "wobble." A perfect 
balance ia obtained only when the weights are directly opposite, 
i.e., in the same line perpendicular to the shaft. 

Cause 2. Armature strikes or rubs against pole pieces. 

Symptom. Easily detected by placing the ear near ihe pole 
pieces; or by examining armature to see if its surface is abraded 
at any point; or by examining 
each part of the space between 
armature and held as armature is 
slowly revolved, to see if any por- 
tion of it touches or is so close 
as to be likely to touch when the 
machine is running. In small Fig. 65. 

machines, the armature may be 
turned by hand, noting whether it sticks at any point. 

Hemedy. Bind down any wire or other part of the armature 
that may project abnormally; or file out the pole pieces where the 
armature strikes; or center the armature so that there is a uniform 
clearance between it and the pole pieces at all points. 

Cause 3. 5liaft coliar or slioulder, liub of edge of pulley, or 
belt, strikes or scrapes against bearings. 
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Syuftou. liattling noise, wliicli stopa when the shaft or 
pulley is pushed lengthwise away from one or the other of the 
bearings. (See " Heating of Bearings," Cause 7.) 

Kemkdy. Shift the collar or pulley, turn off the shoulder on 
the shaft, file or turn off the bearing, move the pulley on the shaft, 
or straighten the belt, until there is no more striking, and the 
noise ceases. 

Causi-; i. Rattling due to looseness of screws or other parts. 

Symitom. Close examination of the bearings, shaft, pulley, 
screws, nuts, binding- posts, etc., or touching the machine while 
running, or shaking its parts while standing still, shows that some 
parts are loose. 

KiiMEUY. Tighten up the loose j>arts, and be careful to keep 
them all projwrly set up. It is easy to guard against the occur- 
rence of this trouble, which is very common, by simply examining 
the various screws and otlier parts each day before the machine is 
started. Electrical machinery being usually high-speed, the parts 
are particularly liable to shake loose. A worn or poorly fitted 
bearing might allow the shaft to rattle and make a noise, in which 
case the bearing should be refitted or renewtni. 

Cause 5. Singing or hissing of brushes. This is usually 
occasioned by rough or sticky commutator (see " Sparking," 
Cansea 3 and 10), or by bnisbes 

not being smooth, or by the layers ^-^--'--'■-'''-^^j''^-- ■'^•----•' 
of a copper brush not being held to- 
gether and in jilace. With carbon ^~-^--.- ^^^^^^^'^-v^r— ^.--^s^ 
brushes, hissing will be caused by ■ pig, ee, 

the use of carbon that is gritty or 

too hard. Vertical carbon brushes, ci' brushes inclined against the 
direction of rotation, are liable to squeak or sing. Occasionally, a 
new machine will make noise that is reduced after the machine 
has been run for some time. 

Symptom, Sonnd of high pitch, and easily located by placing 
the ear near the commutator while it is running, and by lifting 
off the brushes one at a time, provided there are two or more in 
each set, so that the circuit is not o[ieiied. If there is no current 
there is no objection to raising the brushes. 

Remedy. Apply a i-cr// tittle oil or vaseline to the commu- 
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tator with tbe finger or a rag. Adjust tlie brushes or Bniooth the 
commutator by turning or filing, or by using tine sandpaper, being 
careful to clean thoroughly afterwards. Carbon brushes are liable 
to squ«ak in starting up or at low speed. This decreases at full 
speed, and can generally be stopped by moistening the brushes 
with oil, care being taken not to have any drops or excess of oil. 
Shortening or lengthening the brushes sometimes stops the noise. 
Kunniiig the machine without load for some time usually reduces 
this trouble. 

Cal'be 6. Flapping or pounding of i>elt Joint or lacing 
against pulley. (Fig. Ofi.) . 

SYMPTOM. Sound repeated once for each complete revolution 
of the belt, which is much less frequent than any other generator 
or motor sound, and can easily be detected or counted. 

Reuedy. Endless belt or smoother joint. (See " Belting.") 

Cause 7. Slipping of belt on pulley due to overload. 

Symptom. Intermittent squeaking noise. 

Remedy. Tighten the belt or reduce the load. A wider 
belt or larger pulley may be required. Powdered rosin may be 
put on the belt to increase its adhesion ; but it is a makeshift, in- 
jurious to the belt, to be adopted only if necessary, (See 
"Belting.") 

Cause 8. numming of armature-core teeth as titey pass ■ 
pole-pieces. 

Symptom. Pure humming sound less metallic than 
Cause 5, 

Remedy. Slope or chamfer the ends of the pole pieces so" 
that each armature tooth does not ])as8 the edge of the pole piece 
all at once. Decrease the magnetization of the fields. Increase 
the air-gap or reduce the distance between the teeth. But these 
are nearly all matters of first construction and are made right by 
good manufacturers. 

Cause iJ, Humming due to alternating or pulsating 
current. 

Symptom This gives a sound similar to that in the preced- 
ing case. The two can be distinguished, if necespary, by determ- 
ining whether the note given out corresponds tc the number of al- 
ternations, or to the number of armature teeth passing per second. 
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Usually the latter is considerably greater than the former. 

Remedy, Thia trouble ie confined to alternating apparatns, 
and its effects can be reduced by proper deaign and by monnting 
the machine so aa to deaden tho sound as far as possible. 

It oft«n happens that a f^nerator or motor seems to make a noise, 
which in reality is caused bj the engine or other machine with which it is 
connected. Careful listening with the car close to the diSerent parts will 
show oiactly where the noise originates. A very sensitive method of locating 
a noise or vibration is to hold a short stick by one end between the teeth, and 
press the other end squarely against the several parts, to ascertain which 
particular one gives the greatest vibration. 

VII. SPEED TOO HIGH OR TOO LOW. 

This ia generally a serious matter in either generator or motor, 
and it is always desirable and often imperative to shut down im- 
mt^liatoly, and make a careful investigation. 

SPEED TOO L.OW. 

Cause 1, Overload. (See ''Sparking." Cause 1.) 

Symptom. Armature runs more slowly than usual. Bad 
sparking at commutator. Ammeter indicates excessive current- 
Armature beate. Belt very tight on tension side. 

Reukdy. Reduce tbe load on machine, decrease the diameter 
of driving pulley, or increase the diameter of driven pulley. If 
necessary to relieve strain of overload, temporarily decrease the 
voltage on either a generator or a motor. 

Cause 2, Short circuit or ground in armature. 

SvKPiyiM and Remedy tbe same as in case of "Heating of 
Armature, Causo 2 and Cause 6. 

Calse 3. Armature strikes pole pieces. 

SvMiTOM and Remei)Y tbe same as in case of " Noise," 
Cause 2. 

C.\usE 4, Shaft does not revolve freely in the bearings. 

Symptom and Remedy the same as for '• Heating of Bearings," 
all cases. 

SPEED TOO HIGH OR TOO LOW. 

Cause 5. Field magnetism weak. 

Tbia has tbe effect, on a constant -voltage circuit, of making a 
motor run too fast if lightly loiiiled, or too slow if heavily loadal, 
or oven run backwards if the field magnet is not excited at all, as, 
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for example, when tbe field circuit is brokeD. It makes a genera- 
tor fail to "build up" or excite its field, or give the proper voltage' 
in aoy case. 

SrupTOH aud Rkhedy the same as in case of "Sparking," 
Cause 8. (See the following Cause; also "Dynamo Fails to Gen- 
erate *) 

Cause 6. Too high or too low voltage on the circuit. 

Symptom. This would cause a -motor to run too fast or too 
slow, respectively. It can be shown by measuring the voltage of 
the circuit. 

Remkdy. The central station or generating plant should be 
notified that voltage is not right. 

SPEED TOO HIOH. 

Caose 7. Motor too lightly loaded. 

Syhptoh. a series- wound motor on a constant- potential cir- 
cuit runs too fast, and may speed up to the bursting point if the 
load is very much reduced or removed entirely (by tbe breaking 
of the belt, for example). 

Kehedt. Care should be exercised in using a series motor 
on a constant-potential circuit, except where tbe load is a fan, 
pump, or other machiue that is positively connected or geared to 
the motor so that there is no danger of Its being taken off. A 
shunt motor should be used if the load is likely to be thrown off. 

VIII. MOTOR STOPS OR PAILS TO START. 

This is an extreme case of the previous class ("Speed Too 
High or Too Low"), but is separated because it is more definite 
and permits of quicker diagnosis and treatment. This heading 
does not, of course, apply to generators, since any trouble in 
setting these in motion is usually outside of the machine itself. 

Cause 1. Oreat overload. 

A slight overload causes motor to run slowly, but an extreme 
overload will, of course, stop it entirely or "stall" it. (See 
" Sparking," Cause 1.) 

Symptom. On a constant- potential circuit the current is 
excessive, and safety- fuse blows or circuit-breaker opens. In 
their absence or failure, armature is burnt out. 

Keuedt. Turn off switch instantly, reduce or take off thd 
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load, replKC-e the fuse or circuit- breaker, if neceegary, and turn OD 
current again just long enough to see if trouble Btill exists; if 
BO, take off more load. 

Cavsk 2. Very excessive friction due to shaft, bearings, 
or other parts being Jammed, or armature touching pole pieces. 

Syuftou. Similar to previous case, but distinguished from 
it by the fact that the armature is hard to turn even when load 
is taken off. Examination ^bows that the shaft is too large or is 
bent or rough, that the bearing is too tiglit, that the armature 
touches pole piet-es, or that there ia some other impediment to 
free rotation, {See '■ Heating of Bearings" and " Koise.") 

Rehkdy. Turn current off instantly, ascertain and remove 
the cause of friction, tnrn on the current again just long enough 
to see if trouble still exists ; if so, investigate further. 

Cause 3. Circuit open. 

This may be due to {«) safety-fuse blown or circuit-breaker 
open ; (t) wire in motor broken or slipjud out of connections ; 
(c) brushes not in contact with conmiutator ; ('/) switch open ; 
(e) circuit supplying motor open ; {J') failure at generating plant. 

Symptom. Distinguished from causes 1 and 2 by the fact 
that if the load is taken off, the motor still refuses to start, and 
yet armature turns freely. 

On a constant-potential circuit the field circuit alone of asliunt 
motor may be open, in which case the pole pieces are not strongly 
magnetic when tested with a piece of iron, and there is a danger- 
ously heavy current in the armature ; if the armature circuit is at 
fault, there is no spark when the brushes are lifted ; and if both 
are without current, there is no spark when switch is o[(ened. One 
should be very careful if there is no field magnetism or even if it 
is weak, as a motor ia liable to be burnt out if the current is then 
thrown upon the armature. 

Remedy. Turn current off instantly. Examine safety-fuse 
circuit- brraiker, wires, brushes, ewitch, and circuit generally, for 
break or fault. If none can be found, tnrn on switch again for a 
moment, as the trouble may have been due to a temporary stoppage 
of the current at the station or on the fine. If motor atill seems 
dead, test separately armature, field coils, and other parts of circuit 
for continuity with a magneto or a cell of battery and an electric 
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bell, to see if there is any break in the circuit. (See " Instnictiooa 
for Testing.") 

On© of the simplest ways to find whether the circuit has cur. 
rent on it and to locate any break, ia to test through an incandes- 
cent lamp. Two or five lamps in series should be used on 220- 
and 500-Tolt circuits, respectively. 

Cause 4. Wrone connection or complete short circuit of 
field, armature, switch, etc. 

Symptoh. Distinguished from Causes 1 and 2 in the saiue 
way as Cause 3, and differs from Cause 3 in the evidence of strong 
current in motor. 

On a cons tan t-potential circuit, if current is very great, it in- 
dicates a short circuit. If the field is at fault, it will not be 
strongly magnetic. 

The possible complications of wrong connections are so great 
that no exact rules can be given. Carefully examine and make sure 
of the correctness of all connections (see Diagrams of Connections). 
This trouble is usually inexcusable, since only a competent person 
should ever set up a machine or change its connections. 

In the 3- wire (220- volt direct-current) system, several peculiar 
conditions may exist, as follows: 

((z) The dynamo or dynamos-on one side of the system may 
become reversed, so that both of the outside wires are positive or 
negative. In that case a motor fed in the usual way from the two 
outside conductors will get no current, but lamps connected be- 
tween the neutral wire and either of the outside wires will burn 
as nsual. 

(S) If one of the ontsido wires is ojwn by the blowing of a 
fuse, an accidental break, or other cause, then a motor (220-volt) 
beyond the break can get some current at 110 volts through any 
lamps that may be on the same side of the break as itself, and on 
the same side of the system as the conductor that is open. These 
lamps will light up when the motor is connected, but the motor 
will have little or no power unless the number of lamps ia large. 

(c) If the neutral or middle wire is open, a motor connected 
with the outside wires will run as ui.ual; but lamps on one side of 
the system will burn more brightly than those on the other side, 
unless the two sides are perfectly balanced. 



ibyGoogle 



108 MANAGEMENT OF DYXAMO-ELECTRIC MACHINERT 

(f/) If OIK) of the ontside wires beeoinea accidentally ground- 
ed, a 110. volt dynamo, motor, or other apparatus, also grounded 
and connected to the other outside wire, will receive 220 volts, 
which will probably burn it out. 

l\. DVNAMO FAILS TO GENERATE. 

This trouble is almost always cauaed by the inability of a dy- 
namo to "excite" or "build up" its field -magnetism sufficiently. 
The proper starting of a self-exciting dynamo requires a certain 
amount of residual magnetism, which must be increased to full 
strength by the current generated in the machine itself. This 
trouble is not likely to occur in a separately-excited machine; and 
if it docs it is usually due to the exciter failing to generate, and 
therefore amounts to the same thing. 

Cause 1. Residual magnetism too weak or destroyed. 

This may be due to («) vibration or jar; (S) proximity of an- 
other dynamo; {'•) earth's magnetism; ('/) accidental reversed 
current through fields, not enough to completely reverse magnet- 
ism. The complete reversal of the residual magnetism in any 
dynamo will not prevent its generating, but will only make it 
build up of opposite polarity. Sometimes reversal of residnal 
magnetism may be very objectionable, as in case of charging stor- 
age batteriei^; but, although the popular supposition is to the con. 
trary, it will not cause the machine to fail to generate. 

Symptom. Little or no magnetic attraction when the pole 
pieces are tested with a piece of iron, 

ilEMEUT. Send a magnetizing current from another machine 
or battery through the field coils, then start and try the machine; if 
this fails, apply the current in the opposite direction, since the 
magnets may have enough polarity to prevent the battery building 
them up in the direction first tried. 

shift the brushes backward in a generator, or forward in « 
motor to make armature magnetism asaiat field. Turn machine 
around or change its polarity, so that the magnetism which the 
earth or the adjacent machine tends to induce is in the right 
direction. Dynamos should be placed with their opposite poles 
toward each other, and the north [K)[e of a machine should prefer- 
ably be placed toward the north (which is magnetically the south 
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pole of tlie earth); but the earth's niagnetisiri is hardly strong 
enough to reverse a dynamo's residual iiiaguetistn. 

Cause 2. Reversed connections or reverse direction of rota- 
tion. 

SyMPTOM. When running, pole pieces show no attraction for 
a piece of iron. The application of external current cannot be 
made to start the machine, as in case of Cause 1, because, which- 
ever way the field may be magnetized, the resulting current 
generated by armature opposes and destroys the magnetism. 

Kehedv. (») Heverso either armature connections or field 
connections, hut not both. (}) Move brushes through 180' for 
2-pole, 90° for4-pole machines, etc, (c-) Reverse direction of rota- 
tion. After each of the above are tried, the field may have to be 
built up with a battery or other current, since the causes in this 
case operate to destroy whatever residual magnetism may have 
been present. 

Cause 3. ^ort circuit In the machine or external circuit. 

This applies to a shunt-wound machine, and has the effect of 
preventing the voltage and the field magnetism from building up. 

Symptom. Magnetism weak, but still quite perceptible. 

Kemedt. If the short circuit is in the external circuit, open- 
ing the latter will allow the dynamo to build up and generate 
full voltage. If the short circuit is within the machine, it should 
be found by careful inspection or testing. In either of these cases, 
do not connect the external circuit until short circuit is found and 
eliminated. A slight short curcuit, such as that caused by a 
defective lamp socket or by copper dust on the brush-holder or 
commutator, may prevent the magnetism of a shunt machine from 
building up, (Bee "Sparking," Causes 5 and 8.) Too many 
lamps, or other load, might prevent a shunt dynamo from building 
up its field magnetism, in which case the load should be discoQ- 
oected in starting. 

Cause 4. Field-coils opposed to each other. 

Sthftom. Upon passing a current from another dynamo of 
a battery the following symptom will exist : If the pole-pieces of a 
bipolar machine are approached with a com[)ass or other freely 
suspended magnet, they both attract the same end of the magnet, 
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showing them to he of the same polarity, whereas they ahonld 
always be of opposite polarity. 

For similar reasons the pole-pieces are magnetic when tested 
separately with a piece of iron, but show less attraction when the 
same piece of iron is applied to both at once, in which latter case 
the attraction should be stronger. In multipolar machines these 
tests should be applied to consecutive pole-pieces. 

Kehedy. Keverse the connections of one of the coils in order 
to make the polarity of the pole-pieces opposite. The pole-pieees 
should be alternately north and south (^when tested by compass). 

Cause 5. Open circuits 

This may be due to (a) broken wire or fanlty connection in 
machine; (5) brushes not in contact with commutator; (c) safety 
fuse melted or absent; {d) switch open; (e) external circuit open 

Symptom. If the trouble is merely due to the switch or ex 
ternal circuit being open, the magnetism of a shunt dynamo may 
be at full strength, and the machine itself may be working perfect. 
ly; but if the trouble is in the machine, the field magnetism wili 
probably be very weak. 

Rehedy, Make very careful examination for open circuit 
not found, test separately the Keld-coils, armature, etc., for contin. 
uity, with magneto or cell of tiattery and electric bell. (See "In. 
. stmctions for Testing;" also " Motor Stops," etc., Cause 3.) 

A break, poor contact, or excessive resistance in the field cir- 
cuit or regulator of a shunt dynamo will also make the magnetism 
weak and prevent its building up. This may be detected and 
overcome by cutting out the rheostat for a moment by connecting 
th* two terminals of the field coils to the two brushes respectively, 
care being taken not to make a short circuit. 

A break or abnormally high resistance anywhere in the circuit 
of a series-wound dynamo will prevent it from generating, since 
the field-coil is in the main circuit. This may be detected and 
overcome by short-circuiting the machine for a moment in order 
to start up the magnetism. 

Either of these two remedies by short-circuiting should be 
applied very carefully, and not until the pole-piecus have been 
tested with a piece of iron to make sure that the magnetism is 
weak. 
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Cause 6. Brushes not in proper position, 

Sthptou. The magaetism and current are iaereaeed by 
shifting the bniahee. 

Keuedt. It often happens that the brushes are not set at the 
proper point; in fact, they may be set exactly wrong, so that the 
dynamo ia incapable of generating any current whatever. This 
trouble is mainly due to the fact that the proper position for the 
brushes is not the same for all kinds of machines. Almost all 
ring armatures and many drum armatures require the brushes to 
be set opposite the spaces between the pole. pieces. But most ar- 
matures are wound so that the brushes must be set nearly 90 ' 
from this position, or opposite the center of the poles. Some mul- 
tipolar machines have as many sets of brushes as there are pole' 
pieces; while others have armatures that are cross-connected, or 
have the conductors arranged in series so that only two sets of 
brushes are required. Four-pole machines with only two brushes 
require them to be set at 90'; Cpole machines, either 60° or 180°; 
g.pole, either 45° or 135^; lO-pole, either 36", 108°, or 180°; 12- 
pole, either 30% 90°, or luO^"; and 16-poIe, either 22J°, 07^°, 112^* 
or 157^°; and so on. 

The fact ia, that the proper position of the brushes depends 
npon the particular winding, internal connections, etc., and no one^ 
should ever asHume to know where to set the brushes unless he ia 
perfectly familiar with the particular type of machine. A blue 
print or other definite instructions should always be obtained and 
followed; and, if these are not available, the matter may be deter- 
mined by careful trial. The proper position of brushes is the same 
for dynamos and motors, except that in the former the brushes are 
given a forward lead, that is, shifted a little in the direction of 
rotation, whereas motor brushes should be set a little backward. 
This shifting is necessitated by the armature reaction or the mag- 
netizing effect of the armature current, which distorts the tield 
magnetism. 

T!ie pofiitioiis atid numher of hrushes for eachkiwl of arma- 
ture are show in Fig. 67, which shows also the arrangements of cir. 
cults in each of the leading types. 

A is the armature for the ordinary two-pole machine, and may 
be drum- or ring-wound. The current enters from the positive 
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brush, passes around both sides of the armatare, and out through 
the negative brush. Hence this is called a " two-circuit " arma- 
tare. 

B ia a plain armature used in a 4-poIe machine. As there 
are here two more poles, it is necessary to use two more brushes 
to collect the current. This gives two brushy through which 
current enters, and two through which it leaves ; consequently 
each pair of brushes must be joined in multiple in order to carry 
all the cnrrent to the mains. 

C is a 4-pole armature in which the additional currents are 
carried across to the first pair of brushes by means of connections 
through the center of the armature. Therefore, the entire current 
may be taken off by these brushes ; or two more may be added to 
divide the work, in which case they must also be connected in 
multiple to the first pair, as in case B above. 

With either B or C, since there are two parts of the armature 
winding under the Infiuence of different magnets, but running in 
parallel to the mains, it is evident that if the pressure of the cur- 
rent in one part of the winding is weaker than in the other, 
through inequality of the magnets or otherwise, it will short-cir* 
cuit the other part of the winding and work badly. 

This cannot occur in A, because both parts of the winding 
are influenced by the two ends of a single magnet. 

D is a 4-pole armature in which the windings do not connect 
tt^ther in parallel but in aeries, thae overcoming the objection 
above. It has a ring-winding, and each coil is connected to the 
one diametrically opposite. An examination will show that 
though the poles alternate, the wire is all arranged so that the cur- 
rent fiows in a single pair of circuits, as in A. This also permits 
of the use of larger wire and fewer tnrns, as they are connected in 
series instead of multiple. 

E is a drum armature all in series, as in the case of D. In- 
spection will show that the actions of each of the four poles on all 
the bars harmonize, or cause the current to flow in the same 
direction. 

To facilitate tracing the course of the current, the arrange- 
ment is represented with the smallest possible number of bars 
Many more are used in practice. 
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F is a series drum armature for eiglit poles. The principle ia 
the same, but tlie limit of bnish adjustment is smaller. The en- 
tire range from zero to full E. M. F. is covered by moving the 
brush one-eighth of the circumference. 

As the winding is all iu eeries, two brushes only are neces- 
sary; but as many more as desired may be added between the 
other poles, and then connected in multiple to the first ones. This 
is usually taken advantage of, because a single pair of brushes 
would become heated from carrying excessive current; but the dif- 
ficulty of one part of the armature short-circuiting the other can. 
not occur, because euchjiuri of the winding is under the intlueuce 
of all the poles. 

X. VOLTAQB OP GENERATOR NOT RIOHT 

VOLTAOe TOO LOW, 

Cause 1. Speed too low- (See "^jwed not Right.") 

Rrhkov. Increase B|)ee(l of the prime mover, if possible; 
when this cannot be done, decrease the diameter of the driven 
pulley or incrt^ase the diameter of the driving pulley, preferably 
the latter. 

Cacse 2. Field maKnetism weak. 

SvMiTOM AND Remedt. (See "ti|)arking," Cause 8.) 

Cause 3. Brashes not in proper position. 

Si-MFroM AND Remedy. (See "Sparking," Cause 2.) 

Calse 4. Machine overloaded. 

Symptom AND Ivemedy. (See "Sparking," Cause 1 and 
" Speed not Right," Cause 1); also increase field excitation, if 
possible. 

Cadse 5. Short-circuited armature coll or coils. 

Symptom and Remedy, (See "Sparking," Cause 5.) 

Cacsb 6. Reversed armature coil or colls. 

Symi't<im AND Remedy. (See " Sparking, " Cause 5.) 

VOLTAGE TOO HlOn. 

Cause 7. Speed too high. 

Remedy. Apply the reverse of treatment given in Cause 1. 
('Ai'SE H Field magnetism too powerful. 
Remedy. Increase resistance of shunt field circuit, by means 
of a shunt field rheostat. 
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Cause 9. Madilne Compounds too much. 

Kehedt. Decrease resifitance of series field Bhunt. 
(See Compound-wottnd Dynamos, page 25, Part I.) 
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POWER STATIONS, 



With the rapid increase of the use of electricity for jwwer, 
lightiiig, traction, aud electrochemical processes, the power housw'e 
eqiiipjied for the geiieratioo of the electrical supply Lave increased 
in size from plants containing a few low-capacity dynamos, belted 
to their prime movers and lighting a limited district, to the mod- 
ern central station, furnishing power to immense systems and over 
extended areas. Examples of the latter tyyie of station are found 
at Xiagara F»lls. such stations aa the Metropolitan and M^anhattan 
stations in New York (lity, the plants of the Boston Edison Illu- 
minating Com|)any, etc. 

The subject of the design, operation, and maintenance of cen- 
tral stations forms an extended and attractive branch of electrical 
engineering. Tlie design of a successful station requires scientiiie 
training, extimsive experience, and technical ability. Knowledge 
of electrical subjects alone will not suffice, as civil and mechanical 
engineering ability ia called into play as well, while ultimate 
success de^wnds largely on financial conditions. Thus, with un- 
limittsi capital, a station of high economy of operation may be 
designed and constructt'd, but the business may be such that the 
fixed charges for money invested will more than e<pial the differ- 
ence iH'tween the receipts of the comjiany and the cost of the gen- 
eration of power alone. In such cases it is bitter to build ^cheaper 
station and orio not possessing such extremely high economy, but 
on which the fixed charges are so greatly reduced that it may be - 
operati'd at a profit to the owners. 

Tlio designing engineer should lie thoroughly familiar with 
the nature and extent of the demand for power and with the ])rob. 
alile increase in this demand. Few systems can be completed for 
their ultimate capacity at first and, at the same time, operated 
economically. Only such generating unitw, with suitable reserve 
capjicity, as are necessary to supply the demand should l>e installeil 
at first, but all apjiaratus should be arranged in such a manner 
that future extensions can be readily made. 
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The Biibjecte of power stations, as here treated, will consider 
the following general topics : 

Location of station and aubetation, with choice of sjalem to be em- 
ployed. 

Hteam plants, boilers, piping;, prime movers, etc. 

Hydraulic plants. 

The use of other prime movers. 

The electrical plant, generators, and exciters, BwitchlngapparatuB, etc. 

Buildings. 

Station records, methods of chatting for ))ower, etc. 

LOCATION OF THE QENERATINQ STATION. 

The choice of a site for the generating station is very closely 
connected with the selection of the system to be usc^l, which ays. 
tein, in tnrn, dept^nds largely on the nature of the demand, so that 
it is a little difficult to treat these topics separately. Several possi- 
ble sites are often available, and we may either consider the require- 
ments of an ideal location, selecting the available one which is 
nearest to tliia in its characteristics, or we may select the best system 
for a given area and assume that the station may be located whert; 
■ it would be best adapted to this system. Wherever the site may 
he, it is possible to select an efficient system, though not alwayti 
an ideal one. 

Tlie following j)oint8 should l>e considered in the location of 
a station, no matter what the system used : 

1. AceeBslblllty. 

2. Water supply. 

3. Btabllity of foundation. 

4. Burroundlngs. 

5. Facility for extension. 

6. Coat of real estate. 

The station should be readily accessible on account of the 
delivery of fuel and stores, and of the machinery, while it ehoald 
be BO located that aslies and cindeia may l)e easily removed. If 
possible, the station should be located so as to be reached by l>oth 
rail and water, though the former is generally more desirable. If 
the coal can be delivered to the bunkers directly from the cars, the 
very important item of the cost of handling fuel may be greatly 
nniuced. Again, the station should be in such a location that it 
may be readily reached by the workmen. 
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Cheap and abundant water eapply for both boilers and con< 
densere is of utmost importance in locating a steam Btatiou, Tbe 
quality of the water supply for tbe boiler is of more importance 
than the quantity. It sbouM be as free as possible from impuri- 
ties which are liable to corrode the boilers, and for this reason 
water from the town mains is often used, even when other water is 
available, as it is posEible to economize in the use of water by the 
selection of proper condensers. The supply for condensing pur- 
{>ost'8 should be abundant, otherwise it is necessary to install ex- 
tensive cooling apparatus which is costly and occupies much 
space. 

The machinery, as well as the buildings, must have stable 
fouudationa, and it is well to investigate the availability of such 
foundations when selecting the site. 

In the operation of a power plant using coal or other fuels, 
certain nuisances arise, such as smoke, noise, or vibration, etc. 
For this reason it is preferable to locate where there is little lia- 
bility to complaint on account of these causes, as some of these 
nuisances are costly and difficult or even impossible to prevent. 

A station should be located where there are ample facilities 
for extension and, while it may not always be advisable to pur- 
chase land sufficient for these extensions at first, if there is the 
slightest doubt in regard to being able to purchase it later, it 
should be Imught at once, as the station should bo as free as possi- 
ble from risk of interruption of its plans. Often real estate is too 
high for purchasing a site in the best location, and then the next 
best point must bo selected. A consideration of all the factors 
involved is necessary in determining whether or not this cost is 
too high. In densely populated districts it is necessary to econo- 
mize greatly with the space available, but it is generally desirable 
that tbe machinery may all be placed on the ground floor and that 
adequate provision may be made for the storage of fuel, etc. 

The location of substations is usually fixed l)v other con. 
ditiotis than those which determine the site of the main power 
house. Since, in the simple rotary converter aiibstation, neither 
fuel or water are necessary and there is little noise or vibration, it 
may bo located wherever the cost of real estate will permit, pro- 
vided suitable foundation may be constructed.^ The distance 
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between sabstatioDB dependB entirely on the eelection ot tbu sys- 
tem and the nature of the service. 

"Where low voltages are uaed it is essential that the station 
be located as near the center of the system as possible. Thia cen- 
ter ia located as follows: 

Having determined the probable loads and their points of 
application for the proposed system, these loads are indicated on a 
drawing with the location of the. same shown to scale. The center 
of gravity of this system, considering each load aa a weight, is 
then fonnd and its location is the ideal location, as regards amonnt 
of copper necessary for the distribating system. 

Consider Fig. 1. which shows the location of five different 
loads, which in thia case are indicated by number of amperes. 
Combining loads A and B, we have Aj- — lir/. x -\- y = a. Solv- 
ing these equations we find that 
,.5,-_--^o' A and B may be considered as 

aS' / a load of A -| B amperes at F. 

/,MB Similarly, and D, E and F, 

/ ''^, z"^* and (i and H may be combined 

/ ""■J* / giving ns I, the center of the 

/ "^^^ ,' system. The amount of copper 

/ ^^>to9 necessary for a given regulation 

,' runs up very rapidly as the dia- 

i' tance of the station from this 

point increases. 
'*^' ■ Selection of System. Gen. 

eral rules only can lie stated for the selection of a system to be 
used in any given territory for a certain class of service. 

For an area not over two miles square and a site reasonably 
near the center, for lighting and ordinary jiower purposes, direct- 
current, low-pressn-c. three- wire systems may be used. Either 220 
or 440 volts may be used as a maximum voltage, and motors should, 
preferably, Ik) connected across the outside wires of the circuits. 
Five-wire systems with 440 volts maximum potential have been 
uaed, but they require very carefnl balancing of the load if the 
service ia to be aatiafjictory. 2^0- volt lampa are giving'good satis- 
faction; moderate -size, direct-current motors may be readily built 
for this pressure and constant- potential arc lamjis may Iw operated 
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on this voltage thongti not so economically as on 110 volts, if 
single lamps aroused. For direct-current railway work, the limit 
of the distance to which power may be economically delivered with 
an initial pressure of 600 volts is from live to seven miles, depend- 
ing on the traffic. 

If the area to be served is materially larger than the above, 
or distances for dirfect-cnrrent railways greater, either of two dif- 
ferent schemes may be adopted. Several stations may be located 
in the territory and operated separately or in multiple on the va- 
rious loads, or one large power house may be erected and the en- 
ergy transmitted frooTi this station at a high voltage to various 
transformers or transformer substatious which, in tnrn, transform 
the voltage to one suitable for the receivers. Local conditions 
usually determine which of these two shall bo used. 

The use of several low-tension stations operating in multiple 
is recommended only nnder certain conditions, namely, that the 
demand is very heavy and fairly uniformly distributed throughout 
the area, and suitable sites for the power house can be readily ob- 
tained. Such conditions rarely exist and it is a question whether 
or not the single station would not be just as suitable for such 
cases as where the load is not so congested. 

One reason why a large central station is preferred to several 
smaller stations is that large stations can be operated more eco- 
nomically, owing to the fact that large units may be used and they 
can be run more nearly at full load. There is a gain in the cost 
of attendance, and labor-saving devices can be more profitably in- 
stalled. The location of the power plant is not determined to such 
a large extent by the position of the load, but other conditions,, 
such as water supply, cheap real estate, etc., will be the governing 
factors. In several cities, notably New York and Boston, large 
central stations are being installed to take the place of several sep- 
arate stations, the old stations being changed from ^nerating 
power houses to rotary -con verier substations. Both direct-cur- 
rent low-tension maehines, to supply the neighboring districts, 
and high-tension alternating-current, for supplying the outlying 
or residence districts, are often installed in the one station 

As examples of the central station l>eing located at some dis- 
tance from the center of the load, we have nearly all of the large 
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hydraulic power developments. Here it is the cheapness of the 
water power which determines the power house location. The 
greatest distance over which power is transmitted electrically at 
present is in the neighborhood of 200 miles. 

If a btgh-tension alternating-current system is to be installed; 
there remains the choice of a polyphase or single-phase machine as 
well as the selection of roltage for transmission purposes. As 
pointed out in "Power Transmission ", polyphase generators are 
cheapfer than single-phase generators and, it necessary, they can be 
loaded to about bO*^ of their normal capacity, single-phase, wbiie 
motors can be more readily operated from polyphase circuits. If 
synchronoQS motors or rotary converters are to be installed, a poly- 
phase system is necessary. The voltage will be determined by the 
distance of transmission, care being taken to select a value consid- 
ered as standard, if possible, (ienerators are wound giving a volt. 
age at the terminals as high as 15,000 volts, but in many districts 
it is desirable to use step-up transformers for voltages above 6,000 
on account of liability to troubles from lightning. 

With the development of the single-phase railway motor, cen ■ 
tral stations generating single-phase current only, will be built in 
larger sizes than previously, as their use heretofore has been lim- 
ited to lighting stations. 

Size of Plant. A few general notes in regard to the design 
of plants will be given here, the several points being taken up 
more in detail later. 

Direct driving of apparatus is always superior to methods of 
gearing or belting as it is efficient, safe, and reliable, but itis not as 
^exible as shafting and belts, and o'n this account its adoption is 
not universal. 

Speeds to be used will depend on the type and size of the 
generating nnit. Small machines are always cheaper when run at 
high speeds, but the saving is less on large generators. For large 
engines, slow speed is always preferable. 

It is desirable that there be a demand for both ppwer and 
lighting, and a station should be constructed which will serve lK>th 
purposes. The use of power will create a day load for a lighting 
station which does much to increase its ultimate efficiency and, as 
a mle, its earning capacity. 
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Iq additioD to generator capacity neceBsary to Bupply the load, 
a certain amount of rcBerve, either in the way of additional unite 
or overload capacity, must be installed. The probable load tor eay 
three years can be closely estimated and this, together with the 
proper reserve, will determine the size ot the station. The plant 
as a whole, including all future extensions, should be planned at 
the start as extensions will tlien be greatly facilitated. Usually it 
will not be desirable to begin extensions for at least three years 
after the first part of the plant has been erected. 

£nough units must be installed so that oneor more may be 
laid off for repairs, and there are several arguments in favor of 
making this reserve in the way of overload capacity, for the gen- 
erators at least. Some of these arguments are: Reserve is often 
required at short notice, notably in railway plants. With overload 
capacity, ra])id increase of load, such as occurs in lighting stations 
when darkness comes on suddenly, may be more readily taken care 
of. There is always a factor of safety in machines not running to 
their fullest capacity. Keserve capacity is cheaper in this form 
than if installed as separate machines. As a disadvantage, we 
have a lower efhciency, due to machines not usaally running at 
full load, but in the case of generators this is very slight. 

With an overload capacity of 'ii\i)^%, four machines should be 
the initial installment since one can be laid off for repairs if neces- 
sary, the total load being readily carried hy three machines. In 
planning extensions, the fact that at least one machine may require 
to be laid off at any time should not be lost sight of, while the 
anits should be made as large as is conducive to the best operation. 

TABLE I. 
Permissible Overload 33 per cent. 
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10 POWER STATIONS 

Tablt^ 1 is worked out showing the initial installment for a 
2,000-K.W. plant with fatiire extenaions. It is seen from this 
table that adding two machines at a time gives more tiniformity id 
the size of units — ^a very desirable feature. 

The boilers should be of large units for stations of lai^ 
capacity, while for small stations they must be selected so that at 
least one may be laid olT for repairs. 

STEAM PLANT. 
BOILERS. 

The majority of power stations have their machinery driv6D 
by either steam or water power, though there are many using gas 
engines as prime movers. If a steam plant is being considered, 
one of the first subjects to be taken up is the generation of the 
steam. The subject of boilers is one of vital importance to the 
Boccessful operation of steam-driven central stations. The object 
of the boiler with its furnace is to abstract as much heat as possi- 
ble from the fuel and impart it to the water. The various kinds 
of boilers used for accomplishing this more or leas successfully are 
described in books on boilers, and we will consider here the merits 
of a few of the types only as regards central-station operation. 

The reyuirementa are : J'^h-nf, that steam be available through- 
out the twenty-four hours; the amount required at different parts 
of the day varying considerably. Thus, in a lighting station, the 
demand from midnight to 6 a. m, is very light, but toward eve- 
ning, when the load on the station increases very rapidly, there is an 
abrupt increase in the rate at which steam must be given off. The 
maximum demand can be readily anticipated under normal weather 
conditions, but occasionally this maximum will be equaled oreven 
exceeded at unexpected moments. For this reason a certain num- 
ber of boilers must be kept under steam constantly, more or less 
of them running with banked fires dnring light loads. If the 
boilers have a small amount of radiating surface, the loss during 
idle hours will be decreased. 

Second, the boilers must be economical over a large range of 
rates of firing and must be capable of being forced without detri- 
ment. Boilers should be provided which work economically for the 
hours just preceding and following the maximum load while they 
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may be forced, thoiif^lirUDningat lower efficieDcy, during tlie peak. 

Third, comiDg to the coinmereial side of the question, we have 
firBt cost, cost of maintenance, and space occupied. The first cost, 
as does the coat of maintenance, varies with the type and pressure 
of the boiler. The apace occupied enters as a factor only when 
the situation of the station is such that space is limited, or when the 
amount of steam piping becomes excessive. In some city plants, 
space may be the determining feature in the selection of boilers. 

The Cornish and Lancashire boilers differ only in the nam- 
ber of cylindrical tubes in which furnaces are placed. As many 
as three tubes are placed in the largest sizes (seldom used) of the 
Lducashire boilers. They are made up tc 200 pounds steam pres- 
sure and possess the following features: 

\. High efficiency at moderate ratestif uombustlon. 

2. Low rate of depreciation. 

H. Large water space. 

4. Easily cleaned. 

6. Large flour space required. 

6. Cannot be readily forced. 

The Galloway boiler differs from the I^ancashire boiler in that 
there are cross tubes in the flues. 

In the Multitubular twiler the numlwr of tubes is greatly 
increased and their sizediniinished. Their heating surfaee is large 
and they steam rapidly- They are used extensively fur (Ktwer- 
statioQ work, 

llie chief characteristics of the water-tube boilers, of which 
'.here are many types, are: 

1. Moderate floor space. 

2. Ability to Bteam rapidly. 
8. Uood water circulation. 

4. Adapted to high preuHure. 

b. Kaslly transported and erectett, 

6. Easily repaired. 

7. Not easily cleaned. 

8. Rate of deterioration greater than fur Lancashire boiler. 

9. Small water apace, hence variation in iireaaure wltli varying 
demands for steam. 

10. Expensive setting. 

Marine boilers require no setting. Among their advantages 
and disadvantages may be mentioned: 
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1. Exceedingly email space u^eceeaarj. 

2. ItadiatiDg surface reduced. 

3. Good economy. 

4. Heavy aud difficult to repair. 

5. UuBultable for bad water, 
e. Poor clrculatiou of water. 

Another type of boiler, knowD as the Economic, is a comhi- 
nation of the Lancashire and multitubular boilers, aa is the marine 
boiler. It is set in brickwork and arran^'d so that the ga^ea pass 
nnder the bottom and along the sidea of the boiler as well as 
llirongh the tubes. It may be compared with other boilers from 
the following points: 

1. Small floor spnce. 

2. Less radiating surface than tliB LancaKhire boiler. 

3. Not easily cleaned. ' 

4. Repairs rather expensive. 

5. Retjuireat'unsiderulilo draft. 

As regards first coat, boilers installed for 150 pounds pressure 
and the same rate of evaporation, will run in the following order: 
(lallowajand Marine, highest first cost, Economic, Lancashire, Bab- 
cock & Wilcox. The increase of cost, with increase of steam pres- 
sure, is greatest fortlie Economic and least for the water-tube type. 
Deterioration is less with the Lancashire boiler than with the 
other types. 

The floor space occupied by these various types built for 150 
pounds pressure and 7,500 pounds of water, evaporated per hour, 
is given in Table 2. 

TABLE 2. 
Kind ot Boiler. tnSq.Tt. 

Laucasblre 408 

Galloway 371 

Rabcoct and Wilcox aX) 

Marine wet-back VJO 

Economic 210 

The percentage of the beat of the fuel utilized by the boiler 
is oi great importance, but it is ditticult to get reliable data in re- 
gard to this. Table 3 is taken from Donkin'a "Heat Eiticieucy of 
Steam Boilers", and will give soiuo idea of the efficiencies of the 
different types. Economizers were not used in any oE these tests, 
bnt they should always be used with tbe Lancashire type of boiler- 



ibyGoogle 



POWER STATIOKS 



TABLE 3. 


Kind of Boiler. 


No. of F.X- 

107 
40 
2-5 
49 

G 

24 


EippTl- 

79.5 
73,0 
81.7 

77.5 
09. « 
75.7 


Lowest 
EOlcleuc;. 


all Experl- 




42.1 
51.0 

53.0 
50.0 

0:2,0 
U4.7 


6" 8 


Laucasliire III acliiiie- tired 


M.2 


ilabcocfc BiHl Wilc"x liaiid-tlred... , 

Marine wet-1)a«k baud-llred 

Marluedi;-l>ack han()-tlT«<l 


M.9 

(WS.O 

«tf.2 



It is well to aeloct a boiler from 20 to 50 pounds in excess of 
the pressure to Ik* used, as its life may thus be coiisidsrably ex. 
tended, while, wlieu the boiler is new, tlio safety valve need not 
l)e set so near tliw normal pressure, and there is leas steam wasted 
liy the blowing oif of this valve. Again, a few extra pounds of 
steam may bo carried just previous to the time the peak of the 
load is exjMJCted. For pressares exceeding 200 or, possibly, 150 
{)ouuds, a water-tube boiler should be selected. 

In largo stations, it is preferable to make the boiler units of 
large capacity, to do away as much as possible with the extra 
piping and fittings necessary for each unit. Water-tube boilers 
are best adapted for large sizes, Tliese may be constructed for 
150 pounds pressure, large enough to evaporate 20,000 pounds of 
water per hour, at an economical rate. 

To snm up — For stations of moderate size and with mediiun 
pressures with plenty of space, use Lancashire or fire-tube boilers; 
for high pressure or large units, select water-tube boilers; where 
space is limited, install marine boilers, although they are not as 
safe as water-tube boilers for high pressures. 

Steam Piping. The piping from the boilers to the engines 
should be given very careful consideration. Steam should be 
available at all times and for all engines. Freedom from serious 
interruptions due to leaks or breaks in tlie piping is brouglit atiout 
by very careful design and the use of good material in construction. 
Duplicate piping is used in many instances. Provision must 
always be made for variations in length of tfie pi[)e with variation 
of temperature. For plants using steam at 150 jwuniis pressure, 
the variatiuu iu the length of eteani pipe may be as high as 2.5 
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inches for 100 ftiet, and at least 2 inchBs for 100 feet should always 
be counted upon. 

Arraneement. Fig, 2 shows a simple dtagran) of the "ring" 
system of piping- The steam passes from the boiler by two paths 
to the engine and any section of the piping may .he cut ont by 
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Fig. 2. 
the closing of two ralves. Simple ring systems have the following 
characteristics : 

1. The range, as the main pipe ia called, must be of uniform size and 
large enough to carr; all of the steam when generated at its maximum rate. 

2. A damaged section may disable one boiler or one engine. 

3. Beveral large valves are required. 

4. ProTJaion may be readily made to allow tor expansion of pipea. 

Cross couDocting the ring Bystein, as shown in Fig. 3, changes 
these characteristics as follune: 

1. Bize of pipea and couaequent radiating surface la reduced. 

2. More valvea needed but they are of smaller size. 

5. Less easy to arrange for expansion of the pipes. 
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POWEE STATIONS IB 

If the BjBtem ia to be daplicated, that is, two complete seta of 
muD pipes and feeders installed (see Fig. 4), twoscbeiDeBareinase: 

1. Each Hystem Is designed to operate the whole statfon at maxi- 
mum load with uoimal velocity and loss of pressure in tlie pipes, and onl; 
one system is In use at a time. This has the dlsadvant^e that the idle 
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Fig. 8. 

seotloD is liable not to be in good opentlng condition when needed. Laige 
pipes must be used for each set of mains. 

2. The two systems may be made lai^e enough to supply steam at 
normal loss of pressure when both are used at the same time, while either 
Is made large enough to keep the station running should the other section 
Deed repairs. This has the advantages of less expense, and both sections 
Of pipe are normally In use; but It has the disadvantages of more radiating 
surface to the pipes and consequent condensation for the same capaol^ 
ilDi furnishing steam. 



ibyCoogle 



la 



POWER STATIONS 



Complete intercliangeability of iinita cannot be arranged for 
if the separate engine units exceed 400 to 1500 lioree power. Since 
engine units can be made larger than boiler unite, it becomes nec- 
esBsry to treat several boiler unite aa a single unit, or battery, these 
batteries being connected as the single boilers already shown. For 
still larger plants the steam piping, if arranged to supply any 
engines from any batteries of boilers, would be of enormous size. 
If the boilers do not occupy a greater length of floor space than 
the engines, Fig. 5 shows a good arrangement of units. Any 
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engine can be fed from either of two batteries of boilers and the 
liability of serious iiiterruptiona of service due to steam pipes or 
boiler trouble is very remote. 

Material. Steel pipe, lap welded and fastened tt^etber by 
means of flanges, is to bo recommended for all steam piping. Tl.e 
flanges may be screwed on the ends of sections and calked so as to 
render this connection steam tight, tliongh in large sizes it is better 
to have the flanges welded to the pipes. This latter construction 
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ooBta no more for large pipes aud is mocb more reliable. All 
valves and fittings are wade ia two grades or weights, one for low 
pressares, and the other for high pressures. The hfgh-presBu're 
tittiogs should always be naed for electrical etations. Qate valvea 
should always be selected aud, in large sises, they ehould be pro- 
vided with a by-pasB. 

Asbestos, either aloae or 
with copper rings, vulcan- 
ized india rubber, aabestoa 
and india rubber, etc., are 
used for packing between . 
danges to render them 
steam tight. Where there 
is much expansion, the ma- 
terial selected shonld be one 
that possesses considerable 
elasticity. Joints for high- 
pressure systems require 
mnch more care than those 
where steam is used at a 
low pressure, and the num- 
ber of joints should be re- 
duced to a minimum by 
nsingloog sections of pipe. 
A list of the various fit- 
tings required for steam 
piping, together with their 
descriptions, is given in 
books on boilers. One pre- 
cantion to be taken is to 
see that such fittings dp not 
become too numerous or 
sofLCf^a complicated, and it is well 

not to depend too much 
Steam separators should be large enough 
to serve as a reservoir of steam fur the engine and thus equalize, 
to a certain extent, the velocity of flow of steam in the pipes. 




Fig. 5. 
on aototnatio fittings. 
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Id providiDg for the expansion of pipes dae to change of 
temperature, " U " bends made of steel pipe and- haviog a radios 
of cnrratare not less than six times, and preferably ten times the 
diameter of the pipe, are preferred. Copper pipes cannot be rec- 
ommended for high presBuree, while slip expansion joints are most 
undesirable on account of their liability to bind. 

The size of steam pipes is determined by tiie velocity of flow. 
Probably an average velocity of 60 feet per second wonid be better 
than 100 feet per second, though in eome cases where space is 
limited a velocity as high as 150 feet per second has been used. 

The loss in presaure in steam pipes may be obtained from the 
following formula: 

Q'wL 

where ^, -p, = loss in pressure in pounds per eq. in. 

Q = quantity of steam in cu. ft, per minute. 

d = diameter of pipe in inches. 

L = length in feet. 

w = weight per co. ft. of steam at pressnre^,. 

o = constant depending on size of pipe. 

Yalues of c are as follows: 

Diameter of pipe.. %" 1" 2" 3" 4" 5" 6" 7" 8" 9" 10" 

Value of C 86.8 45.S 62.7 56.1 57.8 58.4 69.5 60.1 60.7 61.2 61.8 

Diameter of pipe 12" 14" 16" 18" 20" 22" 24" 

Valueofc , ' 62.1 62.3 62.6 62.7 62.9 68.2 63.2 

In mounting the steam pipe, it should be fastened rigidly at 
one point, preferably near the center of a long section, and allowed 
a slight motion longitudinally at all other supports. 8uch sup- 
ports may be provided with rollers to allow for this motion, or the 
pipe may be suspended from wronght-iron rods which will give a 
flexible support. Practice differs in the location of the steam pip- 
ing, some engineers recommending that it be placed underneath 
the engine room floor and others that it be located high above the 
engine room floor. In any case it should be made easily access- 
ible, and the valves should be located bo that nothing will inter* 
fere with their operation. Proper proviaion must be made for 
draining the pipes. 
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All piping as well as joints sbotild be carefully covered with a 
good quality of lagging as the amount of steam condensed in a bare 
pipe, especially if of any great length, is considerable. In select- 
ing a lagging the following points should be noticed. Covering For 
ateam pipes should be incombustible, should present a smooth sur- 
face, should not be easily damaged by vibrntion or steam, and 
shonld have ae large a resistance to the passage of heat as possibie. 
It must not be too thick, otherwise the increased radiating surface 
will counterbalance the resistance to the passage of heat. 

The loss of power in steam pipes due to radiation is given as 
follows: 

n = .262rLrf. 

H = loss of power in heat units. 

d = diameter of pipe. 

L = length of pipe in feet, 

r = constant depending on steam pressure and pipe covering. 

Steam pressure In pounds (absolute) 40 65 90 115 

Valueeof r for unoDvered pipe 437 65S 63) 6S4 

Value of r for pipe covered with 2 lucbes of 

haJr /elt 48 58 68 78 

deferring to table in books on boilers, the relative values of 
different materials used for covering steam pipes may be found. 

Superheated Steam reduces condensation in the engines as 
well as in the piping, and increases the efficiency of the system. 
Its use was abandoned for several years, due to difficulties in 
' lubricating and packing the engine cylinders, but by the use of 
mineral oils and metallic packing, these dlfficatties have been done 
away with to a large extent, while steam turbines are especially 
adapted to the use of superheated steam. The application of heat 
directly to steam, as is done in the superheater, increases the 
efficiency of the boilers- Table 4 shows the increase in boiler 
efficiency for a certain boiler test, the results being given in 
pounds of water changed to dry, saturated steam. Tests on vari- 
ous engines show a gain in efficiency as high as 9% with a super- 
heat of 80° to 100° F, while special tests in some cases show even 
a greater gain. 
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Amount; or BDperbeat. 


Water evBponn«d per lb. 

of coal. 
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Siiperlieaters are very eimple, consisting of tabular boilers 
contaiaing steam instead of water, and either locatod so as to util- 
ize the heat of the gaaes, the same as economizers, or separately 
fired. They should be arranged so that they may be readily cut 
out of service, it necessary, and provision must be made for either 
flooding them or turning the hot gases into a by-pass, as the tubes 
would be injured by the heat if they contained neither water nor 
steam. 

FEED WATER AND FEEDING APPUANCES. 

All water, such as can be obtained for the feeding of boilers, 
contains some impuritieB, among' the most important of which as 
regards boilers are soluble salts of calcium and magnesium. Bicar- 
bonates of the alkaline earths cause precipitations on the interior 
of boilers, forming "scale". Sulphate of lime is also deposited 
by concentration under pressure. Scale, when formed, not only 
decreases the efficiency of the boiler but also causes deterioration, 
for if sufHciently thick, the diminished conducting power of the 
boiler allows the tubes or plates to be overheated and to crack or 
burst. Again, the scale may keep the water from contact with 
sections of the heated plates for some time and then, giving way, 
large volnmes of steam are generated very quickly and an explo- 
sion may result. 

Some proceaaea to prevent the formation of scale are used, 
which affect the water after it enters the boilers, but they are not 
to be recommended, and any treatment the water receives should 
affect it previous to its being fed to the boilers. Carbonates and 
a small quantity of sulphate of lime may be removed by heating 
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in a eepanite vessel. Large quantities of Bulpbatu of lime must 
be precipitated cLeuiically. 

Sediment, email particles of matter in suspension, must be 
removed by allowing the water to settle. Vegetable matters are 
sometimes present, wliich 
cause a fihn to be deposited. 
Certain gases, in solution — 
such as oxygen, nitrogen, 
etc, — cause pitting of the 
boiler. This effect is neu- 
tralized by the addition of 
chemicals. Oil, from the 
engine cylinder, is particu- 
larly destructive to boilers 
and. when present in the 
condensed steam Miust be 
carefully removed. 

Both feed pumps and 
injectors are used for feed- 
ing the water to the boilers. 
Feed pumps may be either 
steam or motor-driven. 
Steam-driven pumps are 
very inefficient, bnt tliey are 
simple and the speed is easily 
controlled. Motor-driven 
pumps are more efficient and 
neater, but more expensive and more difficult to regulate efficiently 
over a wide range of speed. Direct-acting pumps may have feed- 
water heaters attached to them, thus increasing the efficiency of 
the apparatus as a whole. The supply of electrical energy mast 
be constant if motor-driven pumps are to be used. 

Feed pipes must be arranged so as to reduce the risk of fail- 
ure to a minimum, and for this reason they are almost always du- 
plicated. More tlian one water supply is also recommended if there 
is the slightest dangiT of interruption on this account. One com- 
mon arrangement of feed-water apparatus is to install a few large 
pumps supplying either of two mains from which the boiler con- 
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TABLE 5, 

Qlvltig Rate of Flow of Water, In Feet per Minute, throush Pipes 

of Various 51zes, for Varying Quantities of Flow. 
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Dections are taken. This is a complicated and coBtlj sptem of 
piping. Fig. 6 shows a scheme used for feeding two boilers in 
which each pamp is capable of supplying both boilers. Pipes 
ehoald be ample Id cross-sectioD, and, in long lengths, allowance 
must be made for expansion. Cast iron or cast steel is the mate- 
rial used for their construction, while the joints are made by meaos 
of flanges fitted with rubber gaskets. 

Table 5 gives the rate of flow of water in feet per minnte 
through pipes of various sizes. A flow of 10 gallons per minnte 
for each 100 H. P. of boiler equipment should be allowed without 
caasing an excessive velocity of flow in the pipes. 

BOILER FOUNDATIONS, FURNACES AND DRAFT. 

The economical use of coal depends, to a large extent, on the 
setting of the boiler and proper dimensions of the furnaces. 
Internally -fired boilers require support only, while the setting of 
externally-fired boilers requires provision for the furoacee. Com- 
mon brick, tc^tber with fire brick for the lining of portions 
exposed to tbe hot gases, are used almost invariably for boiler 
settings. It is customary to set the boiler units up in batteries 
of two, using a 20-inch wall at the sides and a 12-inch wall be- 
tween the two boilers. The instructions for settings furnished by 
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the manufacturerB should be carefully followed oat as they are 
based on conditioDs which give the best resalts Id the operation of 
their boilers. 

Natural Draft is the most commonly used and is the most 
satisfactory under ordinary circumstances. In dtsteriiiining the 
size of the chimney necessary to furnish this draft, the following 
formula is given by Kent: 

.06 F , , .06 F,, 

A == area of chimney in sq. ft. 
h ^ height of chimney in ft. 

F ^ pounds of coal per hoar. 

The height of chimney should be assumed and tlie area calcu- 
lated, remembering that it is better to have the chimney too large 
than too small. 

The chimney may be of either brick or iron, the latter having 
a less first cost but requiring repairs at frequent intervals. Gen- 
eral rules for the design of a chimney may be given as follows: 
The external diameter of the base should not be less than ^\ of 
the height. Foundations must be of the best. Interiors should 
b© of uniform section and lined with fire brick. There must be an 
air space between the lining and chimney proper. The exterior 
should have a taper of from -^'^ to ^ inch to the foot. Flues 
should be arranged symmetrically. 

Fig. 7 shows the construction of a brick chimney of good 
design, this chimney being used with boilers furnishing engines 
which develop 14,000 H. P. 

Medianlcal Draft is a' term which may be used to embrace 
both forced and induced draft. The different systems of mechan- 
ical draft are described in books on boilers. The first cost of 
mechanical -draft systems is less than that of a chimney, but 
the operation and repair are much more expensive and there is 
always the risk of break-down. Artificial draft has the advan- 
tage that it can be varitd within large limitsand it can be increased 
to any desired extent, thus allowing the use of low grades of coal. 

Firing of Boilers and Handling of Fuel. Coal is used for 
fuel to a greater extent than any other material, though oil, gas, 
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wood, etc., are used in Bonie lociilities. Local conditions, such as 
availnljility, cost, etc., slioiikl di'tt'rmine tlie material to be used 
and no guneral mica can im given. Data regarding the relative 
beating values of different 
fuels show tbe following 
general figures: One pound 
of petroleum, about 4^ of a 
, gallon, is e(]nivalent, when 
used with Itoilers, to 1.8 
pounds of coal and there is 
less deterioration of the fur- 
nace with oil. 7J to 13 cubic 
feet of natural gas are re- 
quired as the equivalent of 
out} pound of coal, depending 
on the quality of the gas. 2J 
pounds of dry wootl is as- 
sumed as the equivalent of 
one pound of coat. 

When coal is naiMi, it 
requires stoking and this 
may be accomplished either 
by band or by means of me- 
chanical stokers, many forms 
of which are available. Me- 
chanical stoking has the ad. 
vantage over hand stoking 
that the fuel may be fed to 
the furnace more uniformly 
and the fires and lioilers are 
not subjected to sudden 
blasts of cold air as is the 
case when the fire doors are 
opened ; u jiooi-er grade of 
coal may be buruwi, if 1 



<5 



and the trouble dm 



to Biuoke is mucli reduci'd. It may be said that meclianical 
stokers are used almost universally in the more important elec- 
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trical plants. Economic use of fuel requires great cate in firing, 
especially if it is done by hand. 

Where gaa ia used, tJie firing may bo made nearly automatic, 
and the same in true of oil firing, though tlie latter requires more 
complicated bRrners, as it is necessary that the oil be vaporized. 

In large stations, operated continuously, it is desirable that, 
aa far as possible, all coat and aahes be handled by machinery, 
though the difTerence iu cost of operation should be carefully con- 
aidered before installing extensive coal-handling machinery. Ua- 
cbinery for automatically handling the coal will cost from 97.60 to 
SIO per horse-power rating of boilers for instaltation, white the ash- 
handling machinery will cost from §1-50 to 83.00 per horae power. 

The coal-handling devices uBiially consist of chain -operated 
conveyors \rhich hoist the coal from railway cars, barges, etc., to 
overhead bins from which it may he fed to the stokers. The 
ashes may be handled in a similar manner, by means of scraper 
conveyors, or small cars may be used. Either steam or electricity 
may be used for driving this auxiliary apparatus. 

It is always desirable that there be generous provision for the 
storage of fuel sufficient to maintain operations of the plant over 
a temporary failure of supply. 

STEAM ENGINES AND TURBINES. 

The clioice of steam prime movers is one which ia governed 
by a nnmlter of conditions which can be treated but briefly here. 
The first of these conditions relates to the speed of the engine to 
be used. There ia considerable diffei-cnce of opinioii in regard to 
this as both high and low-a[)eed plants are in operation, which are 
giving good satisfaction, ^low-speed engines have a higher first 
coat and a higher economy. Probably in sizes up to 250 K.W. 
the generator should be driven by high-sped enginea, above which 
the selection of either type will give satiflfaction until sizes of say 
above BOO indicated horse power, when the slow-speed type is to 
be recommended. Drop valves cannot be used with satisfaction 
for speeds above about 100 revolutions per minute, hence high- 
speed enginea iniist use direct-driven valve gears, usually governed 
by shaft governors. Corlisa valvea are used on nearly all slow- 
speed engines. 
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The steam pressure used eliould be at \eist 125 ponnde per 
square intili at tlie throttle and a pressure ae Iiigh as 150 to 160 
pounds is to be preferred. 

Close regulation and uniform angular velocity are required 
for driving generators, especially alternators which are to operate 
in parallel. This means sensitive and active governors, carefully 
designed fly-wheels and proper arrangeuient of cranks when more 
than one is used. 

For large plants or plants of moderate size, compound con- 
densing engines are almost universally installed. The advantage 
of these engines in increased economy are in part counterbalanced 
by higher first cost and increased complications, together with the 
pumps and added water supply necessary for the condensers. 
The approximate saving in amount of steam is shown in table 6, 
which applies to a 500 horse-power unit. 

TABLE 6. 

_.„„.„, Pounds ol SMftm 

Enelne. perH. P.honr. 

Simple noQ-coadeasing 80 

Biinple condensing 22 

Compound uon-coadeuslng 24 

Compound coodenetng 16 

Triple expansion engines are seldom used for driving electrical 
machinery as their advantages under variable loads are doubtful. 
Compound engines may be tandem or cross compound and either 
horizontal or vertical. The use of cross -compound engines tends 
to produce uniform angular velocity, but the cylinder should be so 
proportioned that the amount of work donebyeach is nearlyequal. 
A cylinder ratio of about 3A to 1 will approximate average condi- 
tions. liither vertical or horizontal engines may bo installed, each 
having its own peculiar advantages. Vertical engines require lees 
floor space, while horizontal engines have a better arrangement of 
parts. Either type should be constructed with heavy parts and 
erected on solid foundations. 

Gecently steam turbines have come into use, and the number 
of stations at present under process of design or construction which 
will use steam turbines is very large. Several types of turbines 
are described in the books on engines. In addition to these, a 
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abort review of the Curtis turbine will not be oat of place since 
this ie one of the types which is coming into extended use. 

The Curtis turbine is divided into sectionB, each sectioD of 
which may contain one, two, or more, revolving sets of buckets 
aod stationary vanes supplied with steam from a set of expansion 
nozzles. By this arraDgement of parts the work is divided into 
stages, the nozzle velocity is reduced in each stage, and the energy 
of the steam ie efEectively given up to the rotating parts. This 
type admits of lower speeds than the other forms of turbines. 
Fig. 8. shows the arrangement of nozzles, buckets, and stationary 
blades or guiding vanes for two stages. Governing is accom- 
plished by shutting off the steam from some of the nozzles. A 
complete Curtis turbine of the vertical type, direct connected to a 
6,000 K.'W. three-phase alternating-current generator, is shown 
in Fig. 9. 

The advantages claimed for this turbine are: 

1. H]gh Bteam economf at all loads' 

2. High steam economy with rapidly fluctuating loads. 

8. Small floor space per K.W. capacity, reducing to a minimum 
the cost of real estate and buildings. 

4. Unirorm angular velocity. 

5. Simplicity la operation and low expense for attendance. 

6. Freedom ttom vibration. 

7. Bteam economy not appreciably Impaired by wear or lack of 
adjustment In long service. 

8. Adaptability to bigb steam pressure and high superheat without 
practical dltBculty and wltb conee(|ueiit improvement In economy. 

9. Condensed water te kept entirely free from oil and can be 
returned to the boilers. 

Many of these advantages apply equally well to the other 
types of turbines now on the market. All turbines are especially 
adapted to operation with superheated steam. 

Engines should preferably be direct-connected as already 
stated, but this is not always feasible, and gearing, belt, or rope 
drives must be resorted to. Countershafts, belt or rope driven, 
arranged with pulleys and belts for the different generators, and 
with soitable clutches, are largely used in small stations. They 
consume considerable power and the bearings require attention. 

Careful attention innst be given to the lubrication of all run. 
ning parts, and extensive oil systems are necessary in large plania. 
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Id sack systems a continuous circulatioo of oil over the bearings 
and tlirough the eugino cylindefs is maintained by means of oil 
pnmps. After passing through the bearings, tlio machine oil goes 
to a properly arranged oil-tiltcr where it is cleaned and then 
pumped to the bearings again. A similar process is used in cyl- 



a ncciir.TS ix cuktis steam TuitmN-i':. 
Kig. 8. 

inder lubrication, the oil being collected from the exhaust steam 
and only enough uewoil is added to make upfor the slight amouut 
lost. The latter system is not installed as frequently as the con- 
tinnous system for bearings. In the Curtis turbine, vertical type, 
the oil is forced in between the two pliites, forming the step bear- 
ing, at such a pressure that a thin film of oil ia constantly main- 
tained between these plates. It maybe arranged so that If, for 
any reason, this pressure fails, the steam will be cut off from the 
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tarbioe antomatically. The bearings whicb support the shafts 
need with the generators at the Kiagara Falls Power Companies' 
plants are generously flooded with oil and the turbines are arranged 
so as to remove a great deal of the weight of the rotating part 
from this bearing. 

HYDRAULIC PLANTS. 

Because of the relative ease with which electrical energy may 
be transmitted long distances, it has become quite common to locate 



Fig. 8. 

large power stations where there is abundant water power, and to 
transmit the energy thus generated to localities where it is needed. 
This type of plant has been develo|)ed to the greatest extent in the 
western part of the United States, where in some eases the trans- 
mission liuesare very extensive. The (vower houses now completed, 
or in the conrae of erection at N iagara Falls, are examples of the 
eoormoas size Buch slations may aesnniv. 



ibyGoogle 



K»WEB STATIONS 



Before deciding to utilize water power for driving the ma- 
cliinery in central statioos, the following points should be noted: 

1. The amount of water power available. 

2. The puMlble demand for power. 

8. Costof developing this power as compared with cost of plants 
UBing other sourcee of power. 

4. Cost of operation compared with other plants and extent of 
tranemlBBluu Hues. 



Hydraulic plants are often mnch 



more expeneive than steam 
plants, but the first cost is 
more than made up by the 
saving in operating ex- 
penses. 

Methods for the devel> 
opment of water powers 
vary with the nature and 
amount of the water supply, 
and they may be studied 
beat by considering plants 
which are in successful 
operation, each one of 
which has been a special 
problem in itself. A full 
description of snch plants 
would be too extensive to ' 
be incorporated here, but 
they can be found in the 
various technical journals. 
Water Turbines used for driving generators are of two general 
classes, reaction turbines and impulse turbines. The former may be 
subdivided into Parallel-flow, Outward-flow, and Inward-flow tur- 
bines. Parallel-flow turbines are suited for low falls, not exceeding 
30 feet. Their efliciencj is from 70 to '(2'f(. Outward-flow and 
inward-flow turbines give an etficiency from 79 to SH'fc- Impulse 
turbines are suitable for very high falls and should be used from 
heads exceeding say 100 feet, though it is difflcult to say at what 
head the reaction tnrbine would give place to the impulse wheel, 
as reaction turbines are giving good satisfaction on heads in 
the neighborhood of 200 feet, while impulse wheels are operated 




Fig. 10. 
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with falls of but SO feet. The Peltoa wheel is one of the best 
kDOwn t^pes of impulBe fFbeels. An etticieccy aa high as 86% is 




Fig. 11. 
claimed for this type of wheel under favorable conditions. Fig, 
10 shows a reaction wheel and Fig. 11 illustrates a I'elton wheel. 

TABLE 7. 
Pressure of Water, 



Feet 


Squ"?elQ^h. 


Feet 


SquarelD^h. 


Feet 


Presttire 


p«t 


li'C^iS^. 


10 


4.33 


lOTi 


45.48 


200 


86.63 


2ffi 


127.78 


15 


6.49 


^w 


47.64 


205 


88.80 


;««! 


129.95 


20 


8.66 


115 


49.81 


210 


90.96 


310 


1.34.28 


25 


10.82 


120 


51.98 


2i;> 


93.13 


320 


138.62 


30 


12.99 


IV-T 


.■M.15 


220 


95. .30 


;«i 


142. « 


.35 


15.16 


VAi 


56.. 31 


•m 


97.46 


Ml) 


H7.28 






1.3:) 






99. &3 


l')0 


151 -61 


4.5 


19,49 


140 


GO. 64 


?;i5 


101.79 


:«io 


1.T..94 


50 


21.65 


145 


62.81 


240 


103.B0 


:m\ 


100,27 


55 


23. S2 


150 


04.97 


245 


106.13 


.380 


164.61 


60 


25.99 


l.V. 


67.14 


2.50 


108.29 


390 


168.94 


W. 


28.15 


]m 


60.31 


255 


110-46 


400 


173.27 


70 


.30.. 32 


165 


71.47 


261) 


112.62 


m> 


216-58 


75 


.32.48 


I7r> 


73.64 


'm 


114.79 


fiOO 


2.59-90 


80 


34.65 


175 


75.80 


270 


116.96 


700 


303.22 


65 


.36.82 


180 


77.97 


275 


119.12 


m\ 


:us.U 


BO 


38.98 


1K5 


80.14 


2H(1 


121.29 


m) 


.389.86 


m 


41.15 


191) 


82,30 


?85 


123.45 


1000 


433.18 


100 


i3.31 


195 


84-47 


290 


125.62 







The fore bay leading to the flume shbuld be made of such size 
that the velocity of water doea not exceed IJ feet per second, and 
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. TABLE 8. 
Riveted Hydraulic Pipe. 











Cu. [(. Wwer 




DIftin. of Pipe 


Ai^fciXPlpe 
In Ml. IncbeH. 


Tblchnessot 

lr..ii br wire 

Stage. 


Hfad IQ Feel 
tho Pipe will 
iiately at»nd. 


Pll« will con 

p— ^. ■ 


WelBhl per 
Unei^l. In lbs. 


3 


7 


18 


400 


» 


2 


4 


12 


18 


»50 


16 


■■^H 


4 


12 


16 


62.5 


16 


8 


6 


20 


18 


825 


26 


5il 


6 


20 


16 


600 


26 


fi 


20 




675 


26 


6 


« 


a* 




296 


ae 


*H 


B 


28 




487 


36 




6 


28 




743 


ae 


7 


M 




254 


50 


7 


SH 




419 


60 


e% 


7 


:i8 




610 


50 


8V 


8 


60 




867 


m 


'X 


8 


60 




660 


«i 


^P, 


8 


50 




854 


«.( 


lii 


9 


6il 




a27 


80 


8>^ 


e 


ft! 




499 


80 




9 


«:( 




761 


80 


10 


78 




295 


100 


10 


78 




450 


100 


10 


78 




687 


100 


^ 


10 


78 




754 


100 


10 


78 




900 


100 


19j2 


11 


95 




269 


120 




11 


do 




412 


120 


la^ 


11 


»5 




Q26 


lao 


nji 


11 


96 




687 


120 


m 


u 


95 




820 


120 


21* 


12 


113 




246 


142 


n>i 


12 


113 




377 


142 


14* 


12 


113 




574 


142 




12 


113 




tftO 


142 




12 


113 




753 


142 


22Ji 


IK 


132 




228 


170 


12 


la 


132 




346 


170 


15 


la 


i:i2 




5:10 


170 


20 


i» 


192 




683 


170 


22 


13 


1«2 




69(1 


170 


24>i 


14 


153 




211 


200 


13* 


H 


15:< 




324 


200 


16 


14 


153 




484 


200 


21X 


14 


153 




643 


200 


•ZiX 


14 


153 




646 


200 


26^' 


16 


179 




197 


225 


13 Ji 


IS 


176 




302 


226 


!7 


15 


176 




460 


225 


23 


15 


176 




507 


225 


24M 


15 


176 




606 


225 


28^ 


16 


201 




185 


255 


I4X 


16 


201 




28:t 


256 


24 j2 


16 


201 




432 


256 


16 


201 




474 


256 
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Riveted Hydraulic Pipe. (Continued.) 











cu.n. water 




Qlam. or Pipe 
Inlnelies. 


AruolPIpe 
Inwi-lnelies. 


Iron by wire 
gauge. 


Head In Fmc 
the Pipe will 
safely stand. 


Pipe will COD- 


^^.S^t\StL 


16 


201 


10 


667 


266 


29X 


18 


254 


16 


166 


320 


16X 

20X 


18 


254 


14 


252 


320 


18 


254 


12 


385 


320 


zj'A 


18 


2.54 


11 


424 


320 


30 


18 


2M 


10 


506 ■ 


320 


34 


20 


314 


16 


148 


400 


18 


•2a 


S14 


14 


227 


400 


22>i 


20 


814 


12 


846 


400 


30 


ao 


S14 


11 


380 


400 


32X 
i*«X 


20 


814 


10 


■ 466 


400 


22 


880 


16 


135 


480 


20 


22 


380 


14 


206 


480 


^ 


22 


880 


12 


816 


480 


22 


880 


!I 


347 


480 


K-J 


22 


880 


10 


416 


480 


m 


24 


452 


14 


188 


570 


»g 


24 


462 


12 


290 


670 


24 


452 


11. 


318 


570 


m' 


24 


452 


10 


379 


670 


43X 


24 


462 


8 


466 


570 


53 


26 


530 


M 


175 


070 


asp. 


2H 


530 


12 


267 


670 


2H 


530 


11 


2ft4 


670 


42 


28 


630 


10 


352 


070 


87 


2H 


530 


8 


482 


6J0 


^ 


28 


616 


14 


102 


776 


28 


615 


12 


247 


776 


28 


61.5 


11 


278 


775 


4a 




616 


10 


327 


775 


»g 


28 


616 


8 


400 


775 


30 


7(16 


12 


2:11 


81M> 


44 


30 


-(Hi 


11 


:5">4 


8tl0 


48 


.10 


7(K1 


10 


3IW 


890 


54 


30 


706 


8 


375 


ma 


65 


30 


im 


7 


42.S 


890 


74 


W 


1017 


11 


141 


1300 


68 


JH) 


1017 


10 


1.55 


i;(oo 


67 


m 


1017 


8 


192 


i;too 


78 


36 


1017 


7 


210 


i:t00 


88 


40 


12.i6 


10 


141 


IROO 


71 


40 


12ii0 


8 


174 


1600 


88 


40 


vm 


7 


189 


IISOO 


97 


40 


12fi6 


6 


213 


lliOO 


108 


40 


1256 


4 


260 


lIMW 


126 


42 


1385 


10 


135 


17fiO 


. ■?4X 


42 


1385 


8 


165 


1760 


91 


42 


1385 


7 


180 


17(H) 


102 


42 


1385 


6 


210 


1760 


114 


42 


I;i85 


4 


240 


1760 


183 


42 


1385 


% 


270 


1700 


137 


42 


1385 


3 


300 


1760 


145 


42 


1385 


'i 


321 


1760 


177 


42 


1386 


363 


1760 


216 



byGoogle 



POWER STATIONS 



it ebould be freo from abrujit turns. Tlie same applies to the tail 
race. Tbe velocity of wakT in wooileii flumeB sliould DOt exceed 
7 to 8 feet per second. Iliveted steel pipe is used for the penetocks 
and for carrying water from considerable distances under bigb 
heads. Id some locations it is buried, in others it is simply 
placed on tbe ground. M'ooden -stave pipe is used to a large extent 
when tbe beads do not much exceed ^00 feet. Table 7 gives the 
pressure of water at different heads, while Table 8 gives considera- 
ble data relating to riveted-steel hydraulic pipe. 

Governors are required to keep the B])eed constant under 
change of load and change of head. Various governors are manu- 
factured which give excellent satisfaction. 

TABLE 9. 
Horse Power per cubic foot of water permtnute for different heads. 



'!£" 


none 


HenUH 
Feet. 


Borne 


Hr»ds 
PWl. 


Home 


Heads 


Horse 






Vovrer. 


Feet. 




• 1 


.ODiiiom 


170 


.27;-(C6fl 


3:^o 


.531234 


490 


.788802 


3) 


.IWLillW 


180 


.a*!P7H4 


a40 


.547.332 


500 


.804900 


no 


.IMM2M 


IHO 


.H0.iH«12 


3.50 


.5e34:« 


620 


.837090 


«! 


.imnm 


^UO 


..■121900 


m) 


..'i7ft'J28 


540 


.809292 


«! 


.IIMMSM) 


210 


.Tt.^i.'iH 


.H70 


..'i05'f26 


5<i0 


.1)01488 


m 


.IW(«i--*8 


±M 


.3.54150 


8«0 


.611724 


6H0 


.983684 


70 


,1]:»UM 


•2H0 


.ft-()254 


3»0 


.«27H22 


000 


.96.5880 


80 


.12H7K4 


240 


.3»1352 


400 


.64.S920 


IVW 


l.«<t370 


HO 


.144«lKi 


250 


,40-il.SO 


410 


.(5((0018 


700 


1.126800 


1(W 


,mmm 


aio 


.41K.V4H 


420 


,670116 


750 


1.207350 


no 


.17707S 


270 


.4.S4ll4a 


4;^(^ 


.60^214 


HOO 


1.287840 


VM 


.UK] 78 


S«l 


.450744 


440 


.70Hai2 


»00 


1.448820 


130 


.a)!i:;74 




.4IMiH42 


4oO 


.724410 


1000 


1.609800 


140 


,2i-OT2 


mt 


.4H^1)4<I 


4m 


.740.5014 


1100 


1.770780 


loO 


.^41470 


HUt 


.499038 


470 


.75fi600 






160 


.ai7568 


;i20 


.61.51.10 


4S0 


.772704 


.._ 





OAS ENGINES. 
There are at present, in tbe United States, several successful 
electrical installations using gas engines as prime movers, while 
they have been operated abroad for a greater length of time. The 
advantages for gas engines are given as follows: 

1. Minimum fuel and heat cousumptlon. 

2. Llgbt-luad elTlcieucy ia hlglier than for the steam eaglaes. 

3. Low cost of operation and malutenance. 
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4. Sltnpllflcatioii of equipment and small uumber of auxlltariea. 

6. No heat lost due to radiation when engines are idle. 

6. Quick atartlng. 

7. KxteDBlons may he easily made. 

8. High presBurea are limited to the engine cylinders. 

Fig. 12 shows the efficiency and amount of gas consumed by 
a 550 Il.P, engine, Pittaburg natural gae being used. 

The only auxiliaries needed are the igniter generators and the 
air compressors, with a pump for the jacket water in some cases. 
These may be driven by a motor or by a separate gas engine. 
The jacket water may be utilized for beating purposes in many 
plants. Cooling towers may be installed where water ia scarce. 




Fig. 12. 

Parallel operation of alternators when direct-driven by gaa 
engines has been successful, a spring coupling being used between 
the engines and generators in some cases to absorb the variation in 
angular velocity. 

The fact that no losses occur, due to heat radiation when the 
machines are not running, and the lack of losses in piping, add 
greatly to the plant efBciency. If producer gas or blast furnace 
gas is used, a larger engine must be installed, to give the same 
power, than when natural or ordinary coal gas is used- Electric 
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Btations are often combined with gas worke, and ga8 engines can 
be installed in such stations to particular advantage in many cases. 

THE ELECTRICAL PLANT. 
QENBRATORS. 

The first thing to be considered in the electrical plant is the 
generators, after which the auxiliary apparatus in the way of 
exciters, controlling switches, safety devices, etc., will be taken up. 
A general rale which, by the way, applies to almost all machinery for 
power stations is to select apparatus which is considered as " stand- 
ard" by the manufacturing companies. This rale should be fol- 
lowed for two reasons. First, reliable companies employ men who 
may be considered as experts in the design of their machines, and 
their best designs are the ones which are standardized. Second, 
standard apparatus is from 15 to 25% cheaper than semi-standard 
or' special work, owing to larger production, and it can be fur- 
nished on much shorter notice. Again, repair parts are more 
cheaply and readily obtained. 

Specifications should call for performance, and details should 
be left, to a very large extent, to the manufacturers. Following 
are some of the matters which may be incorporated in the specifi- 
cations for generators : 

1. Type and general charftct«rlBticB. 

2. Capacity and overload with heating limits. 
8. Commercial efBclency at various loada. 

4. Excitation. 

6. Speed and r^ulatlon. 

6. Floor space. 

7. Mechanical features. 

As to the type of machine, this will be determined by the 
system selected. They may be direct-current, alternating-current, 
single or polyphase, or as in some plants now in operation, they 
may be double-current generators. The voltage, compounding, 
frequency, etc., should be stated. Direct-current machines are sel- 
dom wound for a voltage above 600, but alternating-carrent genera- 
tors may be purchased which will give as high as 15,000 volts at the 
terminals. As a rule it is well not to use an extremely high volt- 
age for the generators themselves, but to use step-up transform- 
ers in case a very high line voltage is necessary. Up to about 
7,000 volts generators may be safely used directly on the line. 
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Above this local conditioos will decide whether to coonect the 
iDachine directly to the line or to step up the voltage. Machines 
wound for high potential are more expensive for the same capacity 
and efficiency, but the cost of step-up trannformerg and the losses 
in the same are saved by using such machines, bo that there is a 
slight gain in efficiency which maybe utilized in better reguIatioD 
of the system, or in lighter construction of the line. On the other 
hand, lightning troubles are liable to be aggravated when trans- 
formers are not uaed, as the transformers act as additional protec- 
tion to the machines, and if the transformers are injured they 
may be more readily repaired or replaced. 

The following voltages are considered standard : 

Dire<rt-curreQt generators 125, 250, 550-flOO. 

Altemattng-curtent ByateniB, high pressure, 2,2W, 6,000, 10,000, 
16,000, 20,000, 80,000, 40,000, 60,000. 

The generators, with transformers when used, should be capa- 
ble of giving a no-load voltage 10% in excess of these figures. 
25 and 60 cycles are considered as standard frequencies, the 
former being more desirable for railway work and the latter for 
lighting purposes. 

The size of machines to be chosen has been briefly considered. 
Alternators are rated for non-inductive load or a power Victor of 
unity. Aside from the overload capacity to be counted upon as 
reserve, the Standardization Report of the American Institute of 
Electrical Engineers recommends the following for the heating 
limits and overload capacity of generators: 

Maximum values of temperature elevation. 

Field and armature, by resistance, 50° C. 

Commutator and collector rings and brushes, by tbermome1«r, 65° 0. 

Bearings and other parts of machine, by thermometer, 40^ (J. 

Overload capacity should be 2D'fo for two hours, with a tem- 
perature rise not to exceed 15° above full load values, the machine 
to be at constant temperature reached under normal load, before 
the overload is applied. A momentary overload of 50% should be 
permissible without excessive sparking or injury. Some com- 
panics recommend an overload capacity of 50% for two hours 
when the machines are to be used for railway purposes. 
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As a rule, generators should have a high efficiency over a con- 
siderable range of load, although the nature of the load will have 
much to do with this. It is always desirable that masimum effi- 
ciency be sa high as ie compatible with economic investment. 

Table 10 gives reasonable efficiencies which may be expected 
for generating apparatus. In order to arrive at what may be con- 
sidered the best maxiinnm efficiency to be chosen, the cost of power 
generation must be known, or estimated, and the fixed charts on 
capital invested must also be a known quantity. From the cost 
of power, the saving on each per cent increase in efficiency can be 
determined, and this should be compared with the charges oo the 
additional investment necessary to secure this increased efficiency. 
A certain point will be found where the sum of the two will be a 
minimum. 

If a generator is to be run for a considerable time at light 
loads, one with low " no-load '^ losses should be chosen. These 
losses are not rigidly fixed but they vary slightly with change 
of load. It is the same question of "all-day efficiency" which 
is treated, in the case of transformers, in "Power Transmission". 
Under no-load losses may be considered, in shtint-wound gener- 
ators, friction losses, core losses, and shunt-field losses. PR losses 
in the series field, in the armature, and in the brushes, vary as the 
square of the load. 

Table 10. 
Average Maximum Efficiencies. 

K.W. Per Cent 



1000 96 

Dynamos, if for direct current, may be self-excited, shunt- or 
com pound -wound, or separately excited. Separate excitation is not 
recommended for these machines. Alternators require separate 
excitation, though they may be compounded by using a portion of 
the armature current when rectified by a commutator. Automatic 
regulation of voltage is always desirable, hence the general use of 
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componnd-woand niacbiiies for direct currents. Many alternators 
using rectified carreDta in series fields for keeping the voltage 
nearly constant are in service in small plants as well as several of 
the so-called "compensated" alternators, arranged with special 
devices which maintain the same compoanding with different 
power factors. The latter machine givea good satisfaction if 
properly cared for, but an autoraatiK regulator, governed by the 
generator voltage and current, which acts directly on the exciter 
field, is taking its place. The capacity of the exciters must be 
such that they will furnish sufHcient excitation to maintain normal 
voltage at the terminals of the generators when running at 50% 
overload. Table 11 gives the proper capacity of exciter for the 
generator listed. 

TABLE II. 

E^i^ters for Single-Phase Alternating-Current Oenerators. 

60 Cycles. 



ClBsalflcatlun. 


Exdtpr 
ClaKsiBtatloo. 


1 % I 


a 1 


8- 60-900 

8- eo-900 

8-120-900 
12-180-600 
16-300-460 


2-1.6-1900 
2 - 1.6 - 1900 
2-1.6-1900 
2 - 2.6 - 1900 
2 - 4.6 - 1800 



If direct-connected, the speeds of the generators will be 
determined by the prime mover selected. If belt-driven, small 
machines may be run at a high speed, as high-speed machines are 
cheaper than slow- or moderate-speed generators. In large sizes, 
this saving is not so great. 

When shunt-wound dynamos are used, the inherent regula- 
tion should not exceed 2 to 'i^fo for large machines. For alterna- 
tors, this is much greater and depends on the power factor of the 
toad. A fair value for the regulation of alternators on non- 
inductive load is 10 per cent. 

Exciters may be either direct-connected or bolted to tlie shaft 
of the machine which they excite, or they may be separately 
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driTen. They are usually compound-wound and furuish current 
at 125 or 250 toUb. Separately driven exciters are preferred 
for most plants as they furnish a more flexible system, and any 
drop in the speed of the generator does not affect the exciter 
voltage. Ample reserve capacity of exciters should be installed, 
and in some cases storage batteries, used in conjunction with 
exciters, are recommended in order to insure reliability of service. 

Motor -generator sets, boosters, frequency changers, and other 
rotating devices come under 
the head of special apparatus 
and are governed by the same 
general rules as generators. 

Transformers for step- 
ping the voltage from that 
generated by the machine up 
to the desired line voltage, or 
vice versa, at the substation, 
may be of three general types, 
according to the method of 
cooling. Large transformers 
require artificial means of 
cooling, if they are not to be 
too bulky and expensive. 
They may be air-cooled, oil- 
cooled, or water-cooled. 

Air-coohil ti-'iim^fonnr/s are usually mounted over an air- 
tight pit fitted with one or more motor-driven blowers which feed 
into the pit. The transformer coils are subdivided so that no part 
of the winding is at a great distance from air and the iron is pro. 
vided with ducts. Separate dampers control the amount of air 
which passes between the coils or through the iron. Such trans- 
formers give good satisfaction for voltages up to 20,000 or higher, 
and can be built for any capacity. Care must be taken to see that 
there is no liability of the air supply failing, as the cajmclty of the 
transformers is greatly "rediieed when not supplied with air. Fig. 
13 shows a three-phase air-blast transformer. 
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Oil-coohJ tfjiixfoi-mrrK have tlieir cores and windings placed 
in a large tank tilled with oil. Tim oil serves to conduct the heat 
to the case, and tho case is naually either made of corrugated slieet 
metal or of cast iron containing deep grooves, so as to increase the 
radiating surface. These transformers do not require such heavy 



Fig. II. 150K.W. Sel[.CuolfiiOllTntn3[ormer. 

insulation on the outside of the coils as air-blast machines I 
the oil serves this purpose. Simple oil-cooled transformers are 
seldom built for capacities excelling ^i30 K.W. as they become 
too bulky, but they are employed for the highest voltages now in 
use. Fig. 14 shows a transformer of this type. 
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Wtiter-coolcd transformers. When large transformers far high 
voltages are required, the water-cooled type is usually selected, 
This type is similar to an oil-cooled transformer, but with water 



Pig- 15. Water-cooled Trftnsfi 



tubes arranged in coils in the top. Cold water passes through 
these tubes and aids in removing heat from the oil. Some types 
have the low-lension windings made up of tubes through which 
the water circulates. Water-cooled transfunnera must not have 
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the supply of cooling water shut off for any length of time when 
under normal load or they will overheat. Fig. 15 showa a water- 
cooled tranefornier. 

For connectiooa of trsnsformere, see " Power TrauBmiBeioa". 



Fig. 15. 4O0K.W. Water Cooled Oil Transfonner, 
One or more spare transforraere should always be on hand and 
they should be arranged eo. that they can he put into service on 
very short notice. 

Three-phase transformers allow a considerable saving in floor 
Bpace, as can be seen by referring to Fig. 16; they are cheaper than 
three separate transformers which make up the same capacity, but 
they are not as flexible as a siugle-phase transformer and one 
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complete unit must be held for a reserve or " spare ' transformer. 
Storaee Batteries. The use of storage batteries for central 
Btations and gubstations ia clearly outlined in " Storage Batteries ". 
The chief points of advantage may be enumerated as follows: 




tbe generating machlueij 



1. ltt^u<;lloii in ruel c 
betug run at its urealcc 

•2. Better voltage regulation. 

3. Increased reserve capacity and less llabllUy tu interruption of 

The main disadvantage is the high cost. 

Switchboartfs. The switchboard ia the most vital part of 
tlie whole system of supply, and should receive consideration as 
such. Its objects are: to collect the energy as supplied by the gen- 
erators and direct it to the desired feeders, either overhead or 
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under gronnd; fumiah a support for the various measuring instru- 
ments connected in service, as well as tlie safety devices for the 
protection of tbe generating apparatus; and control the pressure 
oi the supply. Some of the essential features of all switch- 
boards are: • 

1. The apparatus and supports must be flre-proof. 

2. Tbe coaducttng parts must not ovetbeat. 
8. Parts must be easily accessible. 

4. Live parts except fur low potentials must not be placed on the 
front of the operating panels. 

5. The arrangement of circuits must be symmetrical and as simple 
as it la convenient to make them. 

6. Apparatus must be arranged so that it is ImxMWslble to make a 
wrong connection that would lead to serious results. 

7. It should be arranged so that extensions may be readily made. 

There are two general types — in the first, all of the switching 
and indicating apparatus is mounted directly on panels, and in the 
second, the current-carrying parts are at some distance from the 
panels, the switches being controlled by long connecting rods; op- 
erated electrically or by means of compressed air. The first may 
again be divided into direct -current and alternating-current switch- 
boards. It is from the first class of apparatus that the switchboard 
gets its name and the term is still applied, even when the board 
proper forms the smallest part of the equipment. Switchboards 
have been standardized to tbe extent that standard generator, ex- 
citer, feeder, and motor panels may be purchased for certain classes 
of work, but the vast majority of them are made up as semi-stand- 
ard or special. 

The leads which carry the current from the machines to the 
switches should be put in with very careful consideration. Their 
size should be such that they will not heat excessively when carry- 
ing the rated overload of the machine, and they should preferably 
be placed in fire-proof ducts, although low-potential leads do not 
always require this construction. Curves showing sizes for lead- 
covered cables for different currents are given in "Power Trans- 
mission". Table 12 gives standard sizes of wires and cables to- 
gether with the thickness of insulation necessary for different 
voltages. Cables should be kept separate as far as possible so 
that if a fault does occur on one cable, neighboring conductors . 
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will not be injnr^. For lamp and instrument wiring, aoch aa 
leads to poteatial and current transformers, tbe following sizes of 
wire are recommended : 

No, 16 or No. 14, wiring to lamp Bocketa. , 

Ho. 12 wire, a' rubber lusulatioa, all other small wiring uaderOOO 
volts potential. 

No. 12, A' rubber Insulation for primaries of potential transformers 
from 600 to 3,500 volts. 

. No. 8, A' rubber insulation for primaries of poteotfal transformers 
up to 6,600 volte. 

No. S, A rubber insulation for primaries of potential transformerB 
up to 10,000 volte. 

No. i, II rubber Insulation for primaries of potential transformers 
up to 15,000 volte. 

No. 4, It rubber Insulation for primaries of potential transformers 
up to 20,000 volte. 

No. 4, a rubber insulation for primaries of potential transformers 
up to 25,000 volte. 

Where high-tension cables leave their metallic shields they 
are liable to puncture, bo that the sheath should be flared out at 
this point and the insulation increased by the addition of com- 
pound. Fig. 17 shows each cable bulls, as tbey are called, as 
recommended by the General Electric Company. 

Central -station switchboards are usually constructed of panels 
about 90 inches high, from 16 inches to 36 inches wide, and 1^ 
inches to 2 inches thick, isuch panels are made of Bine Vermont, 
Pink Tennessee, or White Italian marble, or of black enameled 
slate. Slate is not recommended for voltages exceeding 1,100. The 
panels are in two parts, the sub-base being from 24 to 28 inches 
high. They are polished on the front and the edges are beveled. 
Angle and tee bars, together with foot irons and tie rods, form the 
supports for such panels, and on these panels are mounted tbe in- 
Etruments, main switches, or controlling apparatus for the main 
switches, as tbe case may be, together with relays and hand wheels 
for rheostats and regulators. Small panels are sometimes mounted 
on pipe supports. 

Tbe usual arrangement of the panels is to have a separate 
panel for each generator, exciter, and feeder, together .with what is 
known as a station or total-output panel. In order to facilitate 
exteosioDS and simplify connections, the feeder panels are locatod 
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at one end of the board and the generator panels are placed at the 
other end, and the total-ontput panel between the two. The main 
bua bars extend tbrongbont the length of the generator and feeder 
panels, and the desired connections are readily made. The instra- 
mentB required are very numerous and a brief deacriptioD only of 
a few of the more important can be given here. 



TABLE 12. 
SUndard Wlr« and Cable. 

wire (Solid). 



Area. 


Diam. 


11 


AIDP8. 
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Circular 
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Fig. 17. 
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For direct current generator paneb tbere are usually re- 
quired: 

1 Main switch 

1 Field switch. 

1 Ammeter. 

1 Voltmeter. 

1 Field rheostat with controlllu)^ luechanlBm. 

1 Circuit breaker 

Bus bars and variouH couuectluus. 

These may be arranged in any Buitaltle order, the circuit 
breaker being preferably located at the top so that any arcing 
which may occur will not injure other inBtrumente. Fig. 18 gives 
a wiring diagram of such a {>anel. 

The main switch may be single or double throw, dependintr 
on whether one or two gets of bus 
bars are used. It may be triple 
pole as shown in Fig, 18, in 
which the middle bar serves as 
the equalizing switch, or the equal- 
izing switch may be mounted on a 

pedestal near the machine, in lw« 

which case the generator switch 
would be double-pole. it 

The field switch for large ma- 
chines should be double-pole fitted 

with carbon breaks and arrantntd 

, , J. 1 . GeoBrortor 

With a discharge resistance con- 

° , . , . !■ 'K- 18. 

Slating or a resistance which is 

thrown across the terminals of the field just before the main cir- 
cuit is opened. One voltmeter located on a swinging bracket at 
the end of the panel, and arranged so that it can be thrown across 
any machine or across the bus bars by means of a dial switch, is 
sometimes used, but it is preferable to have a separate meter for 
each generator. 

Small rheostats are mounted on the back of the panel, hut 
large ones are chain operated and preferably located below the 
floor, the controlling hand wheel being mounted on the panel. 

The circuit breaker may be of the carbon break or the mag- 
netic blow-out type. Fig. 11) shows circuit breakers of l>oth 
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types. Lighting panels for low potentials are often fitted with 
fuses instead of circuit breakers, in which case they may be open 
fiises on the back of the panel oi' enclosed fnses on either the 
fiont or back of the panel. 

Direct-Current feeder panels contain: 

1 Ammeter. 

1 Circuit Breaker. 

1 or more main ewttches, alngle-pole, and single- or douMe-tbruw. 

1 recording wattmeter, not always used 

Apparatus for couttollmg regulators when euch are used. 



One voltmeter usually serves for several feeder panels, such a 
meter being mounted above the panels or on a swinging bracket 
at tlie end. Switches should preferably be of the quick-break 
ty[)e. Fig. 20 shows some standard milway feeder panels. 

Exciter Panels are nothing more than generator panels on a 



small scale. 
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Total Output Panels contain inatrumenta recording the total 
power delivered by the plant to tbe switchboard. Alternating- 
current panels for potentials up to 1,100 volta follow the same 
general construction. Synchronizing devices are necessary on the 
generator panels, and additional ainineters are used for polyphase 
boards. Sometimes the exciter and generator panels are combined 



Fig. 19. 

ID one. Fig. 21 shows such a combination. The same construction 
is sometimes used for voltages up to 2,500, though it is not usually 
recommended. The paralleling of alternators is treated in " Man- 
agement of Dynauio Electric Machinery". 

For the higher voltages, the measuring instrumeots are no 
longer connected directly in tbe circuit, and the main switch is not 
mounted directly ou the |iaueL Curiuut and potential trans- 



ibyGoogle 



B2 POWER STATIONS 

formers are used for connecting to tbe indicating voltmeterB and 
ammeters, and thu recording wattmeters and potential transformers 
are used for tbe synchronizing device. These transformera are 
mounted at some distance from the panel, while the switches may 



RAILWAY FEEDER PANELS 
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Pig. 20. 
be located near the panel and operated by a system of levers, or 
tbey may l>e located at considerable distance and operated by elec- 
tricity or by compressed air. 

Oil Switches are recommended for all high potential work 
for the following reasons: By their use it is possible to open cir- 
cuits of higher potential and carrying greater currents than with 
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any otlier type of switch. They may be made quite compact. They 
may readily be made automatic and thus serve as circuit breakers 
for the protection of macIiineB and circuits when overloaded. 

SWITCHBOARD PANEL FOR 
ONE TMRCE-PHASE ALTTRNATING CURRENT OENERATCM 

TU HBOO VDLT8 




Fig. 21. 

Tliore are several tyjms on the market. One conBtructed for 
three-phase work, to be closed by hand and to be electrically 
tripped or opened by hand, is shown in Fig. 22. This shows the 
switch without the can containing the oil. Fig. 23 shows a similar 
switch Land -operated, with the can in place. Both of these 
switches are arranged to be mounted on the panel. Fig. 24 shows 
how the same switches are mounted when placed at some distance 
from the panel. For high voltages, they are placed in brick cells 
and often three separate single-pole switches are used, each placed 
in a separate cell so that injury to the contacts in one leg will iq 
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no way affect tbe other parts of the switch. A form of oil switch 
used for the very highest potentials and currents met with in prac- 
tice, is shown in Fig. 25. This particalar switch is operated by 
iiteans of an electric motor, though it may he as readily arranged to 
operate by means of a solenoid or by compressed air. General 
practice is to place all high-tension bus bars and circuits in sfparate 
compartments formed by brick or cement, and daplicate bus bars 
are quite common. 



Fig. 22. 

Oil switches are made automatic by means of tripping mag- 
nets, which are connected in the secondary circuits of current 
transformers, or they may be operated by means of relays fed 
from the secondaries of current transformers in the main leads. 
Such relays are made very compact and can be mounted on the 
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front or back of the switchboard panels. The wiring of anch trip- 
ping devices is shown in Fig. 26. 

With remote control of switches, the switchboard becomes in 
many instances mort) properly a switch bouse, a separate building 
being devoted to the bus bars, switches, and connections. In other 
cases a framework of angle bars or gas pipe is made for the support 
of the Bwitohes, bus bars, current and potential transformers, etc 



FiB. 2a 
Additional types of panels which may be mentioned are trans- 
former panels, usually containing switching apparatus only; rotary 
converter panels for both the alternating current and direct cnrrent 
sides; induction -motor panels and arc-board panels. The latter. 



ibyGoogle 



A^l^ 




Form K Oil Svltcbes Localed Bock ot OpenitUut 
Fiff. 21. 



DigilizedbyGoOgle 



PUWEB STATIONS 



sre arranged to operate with ping switches. A single panel used 
ID the operation of series transformers oti arc-lighting circuits is 
shown in Fig. 27. 

Safety Devices. In additioD to the ordinary overload trip- 
ping devices which have already been considered, there are various 
safety devices necessary in connection with the operation of cen- 
tral stations. One of the most important of these is the lightning/ 
iii'rcKter. .Fordirect-current work, the lightning arrester takes the 
form of a single gap connected in series with a high resistane© and 
Ktted with some device for destroying the arc formed by discharge 




R*d Indicatina Lame 
/CO'il Switch Cbs^ 

>^^Cloinq Contort 
>Oper)lnq Contact 



OH Switch inClosadR>sit km 



to the ground. One of these is connected between either side of 
the circuit and the ground, as shown diagrammacically in Fig. 28. 
A " kicking" coil is connected incircuit between the arresters and 
the machine to be protected, to aid in forcing the lightning dis- 
charge across the gap. In railway feeder panels such kicking 
coils are mounted on the backs of the panels. 

For alternating-current work, several gaps are arranged in 
series, these gaps being formed between cylinders of " non-arcmg" 
metal. High resistances nnd reactance coils are used with these, 
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Source Load as ia direct -current arresters. 

Fig. 29 shows conuections 
for a 10,000-ToIt lightning 
arrester. Lighting arreaters 
should always be provided 
with kuife blade switches so 
that they can be discon. 
nected from the circnit for 
iaspectioQ and repairs. A 
typical installation of light- 
nine arresters ia shown in 

Sourc« Load „ ° 

Fig. 30. 

Reverse -en rrent relays are 
installed when machineB or 
lines are operated in parallel. 
If two or more alternators 
are running and connected 
to the same set of bus bars, 
and one of these should fait 
to generate voltage by the 
opening of the field circuit. . 
or some other cause, the 
other machine wonid feed 
into this generator and 
might cause considerable 
damage before the current 
Op«r flowing would be sufficient 

to operate the circuit breaker 
Tri| by means of the overload trip 

coils. To avoid this, re- 
verse-current relays are nsed. 
Currervt Supply They are so arranged as to 

„. „„ operate at say i the normal 

current of the machine or 
line, hut to operate only when the power is being delivered in the 
wrong direction. 

Speed limit devices are used on both engines and rotary con- 
verters to prevent racing in the one case and running away in the 
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second. Snch deviceB act on the eteam supply of engines and on 
the direct-current ci rcuit breakere of rotary converters, respectively. 

Complete wiring diagram for a railway switcbboard ia shown 
in Fig. 31. 

Substations. Substations are for the purpose of transform- 
ing the high potentials down to such potentials as can be used on 



motors or lamps, and in many cases to convert alternating current 
into diTect current. Step-down transformers do not differ in any 
resjRH;t from step.up transformers. Either motor -generator seta 
or rotary converters may be used to change from alternating to 
direct current. The former consist of synchronous or induction 
motors, direct connected to direct-current generators, moun(«d on 
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the samo bedplate. The generator may be shant or componnd 
wound, as deairt-d. Rotary t-onvertera are direct-cnrrent genera. 
tofH. though Bpeeially designed ; they are fitted with collector rings 
attached to the winding at definite points. The alternating cur- 
rent IS fed into these rings and the machine runs as a synchronoas 
Connactionsfor s«r!«s.orc liohiinq circuits up to aooovdts 
Qsrwrator „„reaetanc» co" 




around 

Connections forllqhtinq or pcM/er circuits^- 
uptosso volt &(mexallic circuits] * 

aenerator recLctar^c» coil 




Connections for railway circuits upto aso volt) 
reactance c oil (one side aroundcd) 



qenerorCir 
■f tor 5| 



, J Reaction coil a 
composed or*s' of 

t J conductor wound 

T in acoil of two or 
* more turns as con JL 
venient- 
Fig. 28. 
motor, while direct current is delivered at the commntator end. 
There is a fixed relation betw^n the voltage applied to the alter- 
nating-ennent Bide and the direct-cnrrent voltage, which depends 
on the Bhaj)e of the wave form, losses in the armature, pole pitch 
of the machine, method of connection, etc. The "generally accepted 
values are as follows: 
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TABLE 13. 
Full Load Ratios. 



Two-phase I 650 volts 72.5 

e J260 " 73 

(diametrical) I 125 " 78,5 

Three-phase (550 " ' 62 

and Blx-phase i "'" " 
(Y or delta) 



Slx-phi 
metnca 



ic-pbnee machines over otlier 

II Table 14. 



eactance Coil 



ta) 

Til© increase of capacity of si 
inacbines of the same size is ^iven i 

This increase is due to 
the fact that, with a greater Alternator^ 
niiniber of phases, less of the 
winding is traverst'd by the 
current which passes through 
the converter. The saving 
by increasing the number of 
phases beyond six is l>iit 
slight and the eyatein be- 
comes too complex. Kotary 
converters may be over-com- 
[)ounded by the addition of 
aeries fields, provided the re- 
actance in the alternating cir- 
cuits be of a proper valne. 
It is customary to insert re- 
actance coils ill theleads from 
the low-tension side of the 
step-down transformers to 
the collector rings to bring 
the reactance to a value which will insure the desired compounding. 
Again, the voltage may be controlled by means of indnction regu- 




Fig- S 



Capacity Ratios. 

ConttnuouB-curreut generator lOD 

Single-phase converter a5 

Two-phase converter 164 

Three-phase converter i;M 

Blx-phase converter ,...■ 19B 
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latora placed in the alterDating-unirent leads. Motor -generator.) 
are more costly and occupy more sjtace than rotary convertere, but 
the regulation of the voltage is much better and they are to be 
preferred for lighting purpoaeB. 

Buildings. The power station usually has a building devoted 
entirely to this work, while the substations, if small, are often 
made a part of other buildings. While the detail of design and 
ooQBtruction of the buildings for power plants belongs primarily 
to the architect, it is the duty of the electrical engineer to arrange 
the machinery to the beat advantage, and he should always be con-' 
suited in regard to the general plans at least, aa this may save 
much time and expense in the way of necessary modifications. 
The general arrangement of the machinery will be taken up later, 
but a few points in connection with the construction of the build. 
ings and foundations will be considered here. 

Space must be provided for the boiler, — this may be a sepa- 
rate building — engine and dynamo room, general and private 
offices, store rooms and repair shops. Very careful consideration 
should be given to each of these departments. The boiler room 
should be parallel with the engine room, so as to reduce the neces- 
sary amount of steam piping to a minimum, and if both rooms 
are in the same building a brick wall should separate the two, no 
openings which would allow dirt to come from the boiler room to 
the engine room being allowed. The height of both boiler and 
engine rooms should )>e such ss to allow ample headway for lifting 
machinery and space for placing and repairing boilers, while pro- 
vision should be made for extending these rooms in at least one 
direction. Jioth engine and boiler rooms should be fitted with 
proper traveling cranes to facilitate the handling of the units. In 
some cases the engines and dynamos occupy separate rooms, but 
this is not general practice. Ample light is necessary, especially 
iu the engine rooms. The size of the offices, store rooms, etc., will 
depend entirely on local conditions. 

The foundations for both the walls and the machinery must 
be of tho very best. It is well to excavate the entire space under 
the eogine room to a depth of eight to ten feet so as to form 
a basement, while in most eases the excavations must be made to a 
greater depth for the walls. Foundation trenches are aometimea 
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filled with concrete to a depth sufficient to form a good uuder- 
footing. The area of the foiiiidntion footing should be great enough 
to keep the pressure withiu a safe limit for the quality of the soil. 




The walls themselves may be of wood, brick, stone, or concrete. 
Wood is used for very small stations only, while brick may bo 
used alone or in conjunction with steel framing, the latter con- 
struction being used to a considerable extent. If brick alone i§ 
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used, the walls should never be loss than twelve inches thick, and 
eighteen to twenty iaches ia better for large buildings. They 
mnst be amply reinforced with pilasters. Stone is used only for 
the most expensive stations. The interior of the walls is formed 
o£ glazed brick, when the expense of such construction is war- 
ranted. In fireproof construction, which is always desirable for 
power stations, the roofs are sapported by steel trusses and take a 
great variety of fonna. Fig. 32 shows what has been recommended 
as standard construction for lighting stations, showing both brick 
and wood construction. The floors of the engine i-oom should be 



Fig. 33. 
made of some material which will not form grit or duBt. Hard 
tile, unglazed, set in cement or wood floors, is deairable. Storage 
battery rooms should be separate from all others and should have 
their interior lined with some material which will not be affected 
by the acid fumes. The best of ventilation ia desirable for all parts 
of the station, but is of particular importance in the dynamo room 
if the machines are being heavily loadt^. Substation construction 
does not differ from that of central stations when a separate build. 
ing is erected, , Tliey should Ik* fireproof if possible. 

Tlie foundations for machinery should be entirely separate 
from those of the building. Not only must the foundations be 
stable, but in some locations it is particularly desirable that no 
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vibrations be transmitted to adjoining rooms and buildings. A 
loose or sandy soil does not transmit such vibrations readily, but 
firm earth or rock transmits them almost perfectly. Sand, wool, 
bair, felt, mineral wool, and asphaltum concrete are some of the 
materials used to prevent this. The excavation for the foundation is 
made from two to three feet deeper and two to three feet wider on 
all sides than the foundation, and the sand, or whatever material 
is used, occupies this extra space. 



Pig. 31. 
Brick, stone, or concrete is used for building up the greater 
part of machinery foundations, the machines being held in place 
by means of bolts fastened in masonry. A template, giving the 
location of all bolts to be used iu holding the machine in place, 
shonld be furnished, and the bolts may be run inside of iron pipes 
with an internal diameter a little greater than the diameter of the 
bolt. This allows some play to the bolt and is convenient for the 
final alignment of the machine. Fig. 33 gives an idea of this cou- 
strnction. The brickwork should consist of hard-burned brick of 
the best quality, and should be laid in cement mortar. It is well 
to fit bri<^ or concrete foundations with a stone cap, forming a 
level surface on which to set the machinery, though this is not 
necessary. Crenerators are sometimes monnted on wood bases to 
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furnish insnlation for tho frame. Fi^. 34 Bhowa tlm foundation 
for a 150 K.W. generator, whilu Fig. 'do shows the foundation for 
a rotary converter. 





Pig. 35. 

Station Arr^nsement. A few points have already lieen 
noted in regard to station arrangement, but the importance of the 
subjoct demands a little further consideration. Station arrange- 
ment depends chiefly upon two 
facts — the location and the ma- 
chinery to be installed. Un- 
doubtedly the best arrangement 
ia with all of the machinery on 
one floor with, perhaps, the oper- 
ating switchboard monnted on a 
gallery bo that the attendants 
may have a clear view of all the 
machines. Fig. 3G ehowB the 
simplest arrangement of a plant 
using belted machlueB. Fig. 37 
shows an arrangement of units 
Direct-current mauhines should be 



Fig. 36. 



where a jack shaft is used, 
placed so that the brushes and commutators are easily accessible 
and the switchboard should be placed so as to not be liable to 
accidents, such as the breaking of a belt or a fly-wheel. 
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When the cost of real estate prohibitB the placiug of all of 
the machioery od odo floor, the arrangements shown id Fig. 38 
uiay be used when the machiDea are belted. It is always desirable 
to have the engines on the main floor, as they cause considerable 
vibration when not moanted 
on the best of fonndations. 
The boilers, while heavy, do 
not cause such vibration and 
they may be placed on the 
second or third floor. Eelts 
should not be ran vertically, 
as they must be stretched too 
tightly to preventslipping. 

Fig. 39 Bhows a large 
station using direct -con nee ted 




Boi4^m House 



Fig. 37. 



W^ 



units, while Fig. 40 shows the arrangement of the turbine plant 
of the Boston Edison Electric Illuminating Company. This sta- 
tion will contain twelve such B,000 K.W. unite when completed. 
Note the arrangement of lioilers when several units are required 
for a single prime mover. The use of a separate room or building 
for the cables, switches, and 
operating boards is becoming 
quite common for high-tension 
generating plants. The remark- 
able savi ug in floor space brought 
about by the turbine is readily 
seen from Fig. 41. The total 
floor space occupied by the new 
Boston station ia 3.64 square 
feet per K.W. This includes 
boilers — of which there are eight, 
each 512 H.P, for each unit — 
turbines, generators, switches, 
and all auxiliary apparatus. 
Fig. 39. When transformers are used 

for raising the voltage, they may 
be placed in a separate building, as is the case at Niagara Falls, or 
the transformers may be located in some part of the dynamo room, 
preferably in & line parallel to the generators. 
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LINE SHAFT- 



Fig. 43 shows the arraDgement of units in an hydraulic plant. 
Fig. 43 is a good example of' the practice in substation arrange- 
ment. Here the switchboard is mounted at one end of the room, 
while the rotary converters and transformers are arranfted along 
either side of the building. 

Lai^e cable vaults are 
iuBtalied at the stations 
operating on ondergrouud 
systems, the separateducts 
being spread out, and 
sheet-iron partitiocis erect- 
ed to prevent damage be- 
ing done to cables which 
were not originally de- 
fective, by a short circuit 
in any one feeder. 

Station Records. In 
order to accurately deter- 
mine the cost of gener- 
ating power and to check 
up on ureconomical or 
improper metbodaof oper- 
ation and lead to their im- 
provement, accurately 
kept station records are of 
the utmost importance. 
Such records should con- 
sist of switeliboard rec- 
ords,engine-room records, 
boiler-room records, and 
distributing-system rec- 
ords. Such records accu- 
rately kept and properly plotted in the form of curves, serve admir- 
ably for the comparison of station ojMjratious from day to day and 
for the same jmriods for different years. It jiays to keep tliesf* 
records even when additional clerical force must be employed. 

Switchboard records consist, in alternating stations, of daily 
readings of feeder, reoording wattmeters, and total recording watt. 
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meter, together with voltmeter and ammeter readings at intervals 
of aboat 15 minutes in some cases to check upon the average 
power factor and determine the general form of the load curve. 
For direct-current lighting systems volt and ampere readings serve 
to give the true output of the sta- 
tions, and carves are readily plotted 
from these readings. The voltage 
should be recorded for the bus bars 
as well as for the centers of distri- 
bution. I 




Indicator diagrams should be taken from the engines at fre- 
quent intervals for the purpose of determining the o[)eration of 
the valves. Engine-room records include labor, use of waste oil 
and supplies, as well as all repairs made on engines, dynamos and 
anxiliaries. 
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Boiler-room records include labor and repairs, amount of 
coal iis<-d, wliieh aniuiint may Iiu kept in detail IF desirable, amount 
of water used, together with Bteam-gauge record and periodical 
analynis of flue gases as a check on the tnetbodB of firing. 

liecords for tho distributing system include labor and ma- 
terial used for the lined and suhstatiuns. For iiiultiple-wirt* 
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systems, freqaent readings of tlie carrent in the difTerent feeders 
will serve as a check on the balance of the load. 

The coat of generating power varieB greatly with the rate at 
which it is produced as well as upon local conditions. Station 
operating expenses include cost of fuel, water, waste, oil, etc., cost 
of repairs, labor, and superintendence. Fixed charges include, 
insurance, taxes, interest on investment, depreciation, and general 
oHice expenses. Total expenses divided by total kilowatt hours 
gii'es the cost of generation of a kilowatt hour. The cost of dis- 
tributing a kilowatt hour may be determined in a similar manner. 
The rate of depreciation of apparatus differs greatly with different 
machines, but the following figiires may bo taken as average values, 
these figures representiug percentage of first coat to be charged up 
each year : 

Fireproof buUdinga from 2 to 8 per cent. 

Frame buildings tmca 6 to 8 per ceut, 

Dyuauioa from 2 to ^ per cent. 

Prime movers from 2^ to 6 per ceut. 

Roilera from 4 to 5 per cent 

Overhead lines, best constructed, 5 to 10 i>er cent. 

Mure poorly cuustnicted lines 20 to 80 per cent 

Badly couatructed lines 40 tu tiO per cent 

Undei^round coudultti 2 per cent. 

Lead covered cables 2 per cent. 

Jlethods of Charging for Power. Tliere are four methods 
used for charging consumers for electrical energy, namely, the fiat- 
rate or contract system, the meter system, the two-rate meter sys- 
tem, and a Byatein by which each customer pays a fixed amount 
depending on the maximum demand and in addition pays at a 
reasonable rate for the power actually used, in the fiat-rate 
system, each customer |«ys a certain amount a year for service, 
this amount being based on the estimated amount of power to be 
used. These rates vary, de[>ending on the hours of the day during 
which the power is to be used, being greatest if the energy is to 
Ix) used during peak hours. It is an unsatisfactory method for 
lighting service, as many customers are liable to take advantage 
of the company, burning more lights than contracted for and at 
different hours, while the honest customer must pay a higher rate 
than is reasonable Id order to make the station operation proBtabltt 
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This method serves much better when the power is nsed for driviiig 
motors, and is used largely for this class of service. 

The simple meter method of charging serves the purpose 
better for lighting, but the rate here is the same no matter what 
hour of the day the currer^ ia used. Obviously, since machinery 



Fie «. 

h installed to carry tlie j>eak of the load, any power used at this 
time tends to increase the capital outlay from the plant, and neera 
.should be required to pay more for the power at such times. 

Tlie two-meter rate accomplishes, this purpose to a certain 
extent. Tlie meters are arranged so that they record at two rates, 
the higher rate being used during the hours of heavy load. 

Tlicre are several methods of carrying out the fourth scheme. 
In the Brighton System, a fixed charge is made each month, 
depending on the maximum demand for power during the previous 
month, a regular schedule of such charges being made out, based 
on the cost of the plant. An integrating wattmeter is used to 
record the energy consumed, while a so-called "demand meter" 
records the maximum rate of demand. 
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A QUARTER CENTURY OF AMERICAN CENTRAL 
STATION ENQINBERINQ. 

FerhapB few of the yoanger geaeratioQ engaged in the vari- 
ons branches of electrical work realize that the central-station 
industry, so large and permanent an institution of our present 
civic life, is barely a quarter of a cenlury old. Marvelons, indeed, 
has bet'D the progress of this industry, and its wheels of invention 
and development are stilling whirling rapidly on. Mo en^neer 
who values his reputation would venture to prophesy what the 
next quarter-century will bring us. 

Twenty-five years ago the commercial electric lamp was 
unknown. To-day there are in service in the United States alone 
Dearly twenty miUion incandescent lamps, to say nothing of the 
t«ns of thousands of arc lamps and the few hundred thousand 
horse-power in electric motors. To-day nearly every city of any 
importance in America has an electric plant furnishing light and 
power to its citizens. Magnificent stations have sprung up in our 
large cities, representing millions of dollars in investment; and 
electricity is being distributed to nearly every comer of those 
cities. It may be of interest, then, to look back over the history 
of this industry, and see some of the steps by which it reached its 
present splendid growth. 

In all the world^s history of industrial progress, perhaps no 
chapter is more full of scientific and heroic romance than that 
dealing with the birth of the electric-light industry. To the 
youth of to-day no story could give greater inspiration than that 
of the men who were the leading figure s^the great minds aqd the 
energetic workers — daring the early days of central -station devel- 
opment. These men contributed as much toward the nation's 
growth as did our warriors and oar statesmen. Most of them are 
still with ns, and are still active in solving engineering problems. 
It was the good fortune of the readers of the Electrical World 
and Enijineer to see, in its recent thirtieth anniversary issue, 
some interesting reminiscences of these early workers, and thus 
have brought home to them the youthful age of the industry. It 
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is not the purpose of this paper, however, to relate biography, but 
rather to treat of tlie more prosaic etibject of the frrowth of the 
central station from its small l)effiniiing8 to the magnificent pro- 
portions of to-day, 

BRUSH ARC SYSTEM. 

In 1S79, there was erected in Cleveland, Ohio, a series-arc 
Byatem designed by Charles F. lirnsh. The dynamo furnishing 
current for these lamps had been built by Brush during the pre- 
ceding year. The electric arc Uself had been discovered by Sir 
Humphry Davy in London about the year ly02, the source of 
current for hia lamp being a battery of several thousand cells. As 
the dynamo had not at that time come into existence, the commer- 
cial importance of the discovery was not then apjtarent. 

From this first system of Brush's, dates the history of com- 
mercial electric lighting in America. As stated, the lamps of this 
system were all connected in series, so that the same current 
passed through all of them. "With many lamps on the circuit 
this required a fairly liigh voltage. The efforts of many investi- 
gators were then directed toward developing an int^andescent lamp 
for these circuits so that the lights could tte used indoors where 
the arc lamps would be too brilliant. In order to obtain a lamp 
re(piiring only a' low voltage, which is a desirable feature in series 
connection, a lamp of low resistance is noci^ssary. 

EDISON CONST ANT- POTENTIAL SYSTETI. 

1"he master mind of Tliomas Edison soon saw that a series 
system with high voltage on each line would nevtir become com- 
mercially successful for general house lighting; therefore he set 
alwut to design a system which should pro[)erty meet the required 
conditions. On February 5, 188*', he [Miteiited a constant - jto ten tial 
system consisting of feeders and mains, with the load connected in 
parallel, or multiple arc, betwet-n the two wires foriTiing the jwsi- 
tive and the negative conductors, "as shown in Fig. 1. How well 
this succeeded is evidenced by the present almost universal use of 
this system of connection. Obviously, a low -resistance lamp 
would not do on a constant-potential circuit; Edison, therefore, 
first developed a high -resistance lamp. His success in this is well 
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kDOWD. His patent for tlie lamp ie dated Kovember 4, 1879. In 
December of that year he had a nuiiil«>r of these lamps on exhibi- 
tion at his laboratory in Menlo Park, and the following year he 
equipped his house and grounds with" the lamps. The newspapura 
of the time were tilled with accounts of what the <* Wizard of 
Jleido Park" had accomplished, and visitors flocked to the town 
in great numbers to see tho lights. 

The first Edison plant for tlie public supply of current was 
locaf*^l at Appleton, Wisconsin, whore in 1S81, was installed oue 
of the Urst of tlie lanky bipolar dynamos, connected by a belt to a 
water wheel in a little wooden she<]. The first central station for 
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general distribution of current to incandescent lamps was started " 
January 12, 1SS2, at llolborn Viaduct in Ixindon, England. The 
second and the third Jumlxi dynamos (so named l)ecaus© of their 
bulk), built by Edison in America, furnished the current for this 
system. They weighed twenty-three tons each, and had a com- 
bined capacity of 3,0IX) lights. The first of these machines built 
hy Edison was sent to the Paris Exjiosition of lH>il. ByOetolwr, 
1S82, the Edison JEanufacturiug Company had installed in all 
123 plants, with a total of about 22,000 lamps. 

The Edison Tube. During this time Edison's attention had 
been directed toward laying out a system for the city of New York. 
In such a city it was desirable to have the system underground. 
Accordingly, the Edison tube was designed. This consisted of 
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two half-round copper bare laid in iron pipe lu lengths of about 
twenty feet, and insulated hy means of a tar compound While 
there are still many miles of these tubes giving good service, all 
new underground work has for some years been done with lead- 
covered cables drawn into ducts laid in the streets, the connections 



Pig. 2. 

being made in manholes. Fig. 2 shows a dnct system ma<le of 
cement-lined iron pipe laid in a bed of concrete. 

Three-Wire Direct-Current System. Late' in 1HH2, Edison 
made a series of experiments with a view toward a more economical 
distribution system, and he then devised the well-known three-wire 
system, in which two generators are connected in series, and a 
conductor is connected to their junction, and rnu out into the 
system as the neutral wire. This is illustrated in Fig. 3. By con- 
necting the lights so that the load on the two sides of the system is 
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□early balanced, a saving of aboat sixty per cent was effected in the 
amount of copper necesBary to tranainit the same euergy. This is 
due to the fact that, in the three-wire cyeteni, the current is trans- 
mitted at 220 volts instead of at 110, thus reqniring for the same 
number of watts only half as many amperes; and therefore a smaller 
wire can be used. If the load on the two sides of the system is 
not balanced, the difference between the enrretit in the positive 
conductor and that in the negative will come back to the dynamos 
over the neutral wire. Dr. John Hopkinson, in Kngland, and 
Werner von Siemens, in Germany, devised similar systems at about 
the same time. 




m 



Fig. a 

It was not until IHHi that electric motors were tirst used in 
New York; and the arc lamp designi^ for parallel comiection on 
the constant -potential circuit was not introduced until 188*J. The 
success of the constant-potential arc lamps made it possible for 
central stations to do all classes of business with one system of dis- 
tribution — which was an important step in the march of progress. 
In 1890 the Duane Street Station was built in the heart of the 
Edison system, with a total engine capacity of 11,800 Il.P. in 
direct -connected units. 

In Boston, the Edison Electric lUuniinstiag Company was 
organized in December, 1885, and the lirst station was started in 
February of the next year, using the Edison three-wiro system of 
distribution. In 1887, a second station was built to take care of 
the load in another section of the city. Here, for the first time, 
was adopted the method of using 220-volt motors on the Edison 
system, connecting them to the two outer mains instead of between 
one outer and Ihe neutral (110 volts), as bad heretofore been done. 

The Edison Companies. The good financial showing made 
by this company led to the formation of Edison Companies in many 
other cities, among the largest of which were Chicago and Pbila- 
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delphia; and to tlie building of two up-town Btations in New York. 
The original plant of t!io Western Edison Electric Light Company 
(now the (hicatjo Edison Company), a view of the dynamo room 
of which is shown in Fig, 4, was built at l>{i) Adams Street in 1887, 
and contaim-d at first eight 100-K.W. Edison bipolar dynamos 
belted to four 250-11. P. engines located on the floor below. Iei 
IS',11, additional dynamos and engines were added, nntil the total 
capacity i-eached 3,400 K.W 



In thu summer uf 1S'.I2, the l)ij^ station at Harrison Street, 
representing tlie most modern central -station engineering of the 
time, was slarted; and the next year the Adams Street Station was 
dismantled. The center of distribution, however, was kept at 
Adams Street, the current generated at the new station, about 
3,000 feet away, being sent to tbiB center over a trnnk line con- 
sisting of twenty-eight Edison tubes and cables with a total sec- 
tional area of (il>,000,000 circular mils. Of this, 9,000.000 cm. of 
section was used for the neutral conductors, leavi iig 28 ,500,000 cm . 
for each of the ontsides, that is, for the positive and the negative. 
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In itB onward march the Chii-ago Edison Company absorlted 
a number of plants, chief of which was that of the Chicago Ar« 
Light & Power Company, located at Washington Street and the 
river. The systems operated from this station at that time con- 
sisted of series ait's, 5()(t-volt direct current for powei*, and some 
133-cyclB l,(H)()-volt alternating-current lines. In lSSt4, theiv 
were added the Wahash Avenue Station near 27th Street on tlie 
South Side, with an Edison three-wim system and some serioa-nrc 



lines; and the North Side Station at Clark and Oak Streets, which 
consisted solely of Ediaoii generators connected to the usual tlirii'- 
wire sjatcm (Fig. 5). Fig. li is a view of the switclihoard at Har- 
rison Street Station. Fig. Cm is a back view of the generator gal- 
lery of this board, and shows the heavy c()|)per bus bars. Fig. 7 
is a cross-section of the engine and boiler rooms at Harrison Street 
Station, and Fig. 8 shows one of the l,:iOO-II.P. Southwark 
engines direct-connected to two 115-volt 400-K,W. generators. 
One of these dynamos connects with the positive, and the other 
with the negative, of the three- wire system. 

Conservative Brooklyn waited to see what success was met by 
electric -light comjanies. in other cities before its capitalists em- 
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Fig. <L Swltcbboanl st Hurlsoti Street Station. 



Fig. So. Back ot Oenenlor OalleiT, HarrlsoD Street Station. 
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barked on Bach enterpriaes, but in 1889 that city was added to the 
list of those having a central station for the production of elec- 
tricity. In that year the Edison Electric Illnminating Company 
of Brooklyn built its iirst station on Fearl Street, and started 
operations with a load of 6,000 incandescent lamps connected to 
the ByBl«m. The dynamos used were four of tho Edison bipolar 
type of lOO.K.W. capacity, etlch two of which were belted to a 



P\B. 7. CTOSs-Secllon of Eoglpe And Boiler Rooms, Harrison Slroet Station, 

250-Il,P, crosB-coiuiKjuiid engine and were connected toan'mider- 
gnmnd thre;^-wire distribution system. In 181)3, the station whs 
remodeled, and largtT dynamos were introducred direct -connected 
to vertical crosa -com pound condensing engines. 

ALTERNATINQ-CURRENT SYSTEMS. 

The development of the alternating-current system in America 
is due largely to Mr. George Westiiighouse, who, in 1885, had 
built at Pittsburg, Pa., an e-xperimental plant to work out the 
system devised by Gaulard and Gibbs in England. The first 
commercial result of the AVestinghouse investigations, carried on 
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Ftg, fl. laxi HP. SouCbvarh EdkIhb and irO K.\V. Generauir. 

by Hlialleiib:'rger, Stanley, and othera, ap|»eared id the plant iit- 
stalted at Buffalo, N. Y,, in November, 18K*). The following 
year, 65 plants, with a total capacity of 125,000 lights, were built, 
and the increase thereafter was rapid. 

With a direct-current three-wire system using 230 volts be- 
tween outside conductors, it is uneconomical to transmit current 
much farther than one and a half miles, because of the prohibit- 
ively large amount of copper necessary to keep down the loss in 
the feedere. The reeistana) of a conductor varies with the lengthy 
and as it requires the expenditure of energy to send a current over 
a resistance, obviously a high resistance means a large amount of 
energy lost in the transmission. By increasing the cross-section 
of the feeder, this resistance can be kept low; but the cost of the 
feeder would then be prohibitive. By means of the alternating. 
current system witli static transformers, connected as shown in 
Fig. 9j energy can be transmitted at a much higher voltage froii; 
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thtt station. The higher the voltage of transmiBsion, the smaller 
will tie the current (amperes) for a given energy (watts); there- 
fore with the high-voltage system, a given energy can be trans- 
mitted over a much smaller wire than would be required for that 
same energy at a low voltage. In the transformere placed at or 
near tlie point where the current is to be used, the pressure is 
■•ett^pped down" to the voltt^ of the lamps on the circuit. 

The regulation — that is, 
the steadiness and constancy — 
of the voltage of these alterna- 
ting-current lines, was very 
much poorer than that of the 
direct-current system. This 
was largely due to the effects 
of self-induction, which is ever 
present with alternating cur- 
rents. TIio early incandescent 
lamp used on thedirect-current 
110-volt systems was rather delicate, and had only a short life when 
burned on a circuit in which the pressure ttuctuated very much. 
Consequently, it could not be used economically on Uie existing alter- 
nating-current lines. A 50-volt lamp could lie made far more stable, 
and, largely because of this, the stieondariea of the early transformers 
were wound for 50 volts. The primaries were wound for use ou 
1,000-volt circuits^— which was then considered as high as desirable, 
because of the diflieulties of insulating the line, the transformers, 
and other apparatus on which this voltage was applied. I£apid 
advance, however, was made in the art of insulating, and soon this 
primary pressure was doubled. Most of the city A. C. distributing 
systems now have a primary pressure of about 2,3()0 volts. It is 
interesting to note that the insulators used on the early European 
high-tension lines were constructed with a trough along the edge 
on the inner side, which was filled with oil in order to prevetit cur- 
n-nt leaking over the surface of the insulator to the pin and thus 
to ground, by way of the cross-arm and pole, on wet days. 

One of the larger of the early stations for the generation and 
distribution of alternating current was built in St, Louis, Mo,, in 
188i). The system adopted was eingle-phaae, 1,200 volts, CO 
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cjcleB*, with ft three-wire Edison ByBtein for the secondaries, "fheae 
secondaries were tied together at stn-i't crossings, forming a com- 
plete network similar to that described for the direct-current system, 
and shown in Fig. 10. In this case the feeders of the U. C- system 
were replaced by the high-tension A. C. feoders and transformers, 



the latter being treated as j>art of the feeders. PreBsure wires were 
coiinecti^ to the secondaries of the transformers, and were run baek 
to the station voltmeters to be used by the switchboard operator 
in regulating. 

An interesting alternating-current line was bnilt between San 
Bernardino and Pomona, t'alifornia, in 18U1. Here a transmission 
pressure of 10,000 volts was used, obtained by means of connecting 
the 500-volt primarifs of twenty transformers in scries. Thus eaeh 
transformer had to havo insulation for a working iiresaure of only 
500 volts, which was coni[>arativcly i^asy to ])rodnee. 

• NuTC A current which alternates laoUmsR persecuoa has flO double 
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In 1891, the celebrated three-phase tranemiesioQ line from 
Laatfen to Frankfort, in Germany, was operated. Originally 
this was intended for transmitting energy generated by water power 
at Laoifen, to the city of ITeilbron, six milee away; but it was first 
used in the now famous transmiBaiou to Frankfort, a distance cf 
110 inilos, at the time of the Frankfort Exhibition. The dynamo, 
bnilt at the Oerlikon AVorka in Switzerland, was star-connected, and 
generated a star pressure of about 50 volts. 

In a three-phase star-connected generator, the armature wind- 
ings consist of tliree branches which are connected at one end to a 
common point. These branches are so placed on the armature core 
that the wave of the alternating pressure is set up in one coil a 
little later than is the wave of pressure set up in the coil imme- 
diately ahead of it, and a little sooner than the wave in the coil 
immediately back of it. These three pressures then follow each 
other in regular succession, the ])haBe difference (ihe time between 
similar values of the different waves) being equal to one-third 
[leriod.* The wires leading to the other ends of the three armature 
coils are called the "phase ".wires, while the one connecting to 
their junction is the "neutral" wire. The pressure between a 
phase wire and the neutral is called the "star" pressure, while 
that between any two phase wires is called the "delta" pressure. 
This latter is 1.732 times as great as the star pressure. For 
gi-eater safety in operation — principally to prevent ahnormJ. rises 
in pressure between a phase wire and earth — the neutral wire 
is thoroughly J' grounded" by being connected to a plate embedded 
in the moist earth. 

The 50 volts pressure generated at Lauffen was "stepped 
up" by transformers of 8,000 volts, delta, at which pressure the 
current was transmitted. 

DEVELOPriENT OF WATER POWERS. 



After the success of polyphase transmission had been thus 

established, a great impetus was given to the development of water 

|)owers, and the following years found this system adopted by 

many companies. One of the first of these in America was built 

■NuTK. A period tstbe IraclloaoC & secoiid toroae complete cycle of ttie altema- 
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at Telluride, Colorado, in 1892. The original pressnre used here 
wafl 3,000 volts, three-phase, straight from the generator. As a 
result of an extended series of experiments made on this Hue in 
18{)6, much valuable data was obtained regarding high-tension 
tranBuiiesion; and to-day there are many bucIi systems, some oper- 
ated at a presBure as high as 40,000 volts, which is the pressure 
now used at Telluride, while a few others are going still higher. 
The limit to-day seems to be about fiO,000 volts, but even this 
may be increased as the art advances. 

The Sacramento- Folson line, in California, bnilt in 18i)5, 
originally transmitted 1,000 II.P. at 11,000 volts, three-phase. 
The generators were wound to give a pressure of 800 volts, and 
this was raised in transformers to 11,000 volts. 




Pig. 11. 

The Mechanics ville, N. T., and the Snoqnalmie Falls, Wash., 
plants are the most important three-phase transmission systems 
built in lSi)8. In the former, a transmission pressure of 1:J,000 
volts, iJ8 cycles, was adopted; while in the latttfr, the generated 
prewBure of 1,000 volts, 50 cycles, were stepped up to 25,000 volts. 

Many of the polyphase stations built in the early nineties 
were equipped with two-phase generators. The two-phase currents 
were then stepped up and transformtHl to three-phase currents 
by means of a scheme of connections devised by Mr. (Charles F, 
Scott. This connection is shown in Fig. 11, In this diagram, T 
and X. are two transformers, the primaries of which Lave the same 
number of turns and are connec^ted to the two phases of the two- 
phase circuit. The swondary of T has only .8f»0 times the turns of 
the secondary of T^. By connecting one end of the secondary of T to 
the middle of the secondary of T., as shown, three-phase currents of 
etjnal pressures on each phase are obtained from those secondaries. 
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The best known example of this is the system st Kiagara 
Falls, N. Y., where 25-eycle two-phase currents, generated at 2,^00 
volts, are transformed to three-phase currents at 22,000 volts, at 
which pressure the energy is transmitted to Tonawanda and to 
Buffalo, the latter being abont twenty miles from the station. 
"When this station was first operated, in 181)0, the transmission pres- 
sure was 11,000 volts. Since that day many high-tension trans- 
missions have sprang into existence; and the increase in voltage 
is keeping step with the improvement in insnlators, as already 
uoted. An interior view of Power House No. 1 at Kiagara Falls 
is shown in Fig. 12. 

FUNCTION OF THE STORAGE BATTERY. 

While these important developments in cross-country trans- 
mission were under way, the engineers of the urban stations also 
had a few problems to solve. The convenience and other desirable 
features of the use of electric 
light and power were now 
being widely appreciated, 
especially when the cost of 
the lamjts was reduced; and 
electric motors also were be- 
ing used more liberally, in 
sizes from one-fourth horse- 
power to 300 II. P. and 
larger. This meaut a big in- 
crease in the load on the 
station, as well as in the size 
of the district to bo served. 
How to meet this increase 
economically, required an intelligent study of the problemsof cur- 
rent distribution. As already noted, the distance over which it is 
economical to transmit current at a low voltage is limited; and, 
when the area to be served exceeds this limit, recourse must be bad 
to more stations or to a higher distribution pressure. A study of 
the load curve ofan average central station in a large city (Fig. 13) 
shows that the feeders are carrying their heavy current for but a 
short time each day. During all the remainder of the day, then, 



-\ 



Fig. 13. 



byGoogle 



CENTRAL-STATION BNGINEEBING 17 

the cnrreat in these feeders is comparatively small; also, mncli of 
the generating capacity of tlie statisn is idle, representing jost so 
mnch inyestment ina^^tive and earning no returns. If now, dnring 
the period of light load, a cnrrent, additional to the regular load, 
can be sent over these feeders, and if this current can be stored in 
some way in a location within but near to the economical limit, so 
that it can be nsed at the period of heavy load, this storage sub- 
station will in turn become a point of distribution from which cur- 
rent can be Bent out aa far again as the economical limit. Here ia 
where the storage battery filled the want. In 1894 we find storage- 
battery substations installed in Boston and New York, and soon 
after companies in other cities adopted them. In Boston, a num- 
ber of battery substations were installed in the nearer outlying 
districts, all of them being connected with one another and with 
the steam station. The batteries are charged during the hours of 
light load by means of boosters, which form part of the substation 
equipment. TTieir usefulness, however, is not by any means limited 
to outlying districts. As an auxiliary to a generating station, it is 
considered good practice from the standpoint of economy to install 
s storage battery if the peak of the load does not exceed two and 
one-half hours. Aa a safeguard against interruption of service, 
and as a help in maintaining a uniform pressure on the lyitem, 
they have been found almost invaluable. 

CONSOUDATION OF PLANTS. 

The next step in the development was one of consolidation. 
Many cities had been liberal in granting franchises to lighting 
companies, and as a result there were built within the same city 
many systems of various excellence and stability. To the engineers 
of the consolidated company was then presented the problem of 
unifying the systems; but the changes to the new system had to 
be made without sacriticing the value of the investment represented 
by the generating apparatus and lines of the existing stations. 
Such a change, naturally, was made step by step, and thus required 
several years. In addition to providing for the existing load, the 
new system had to be designed for the future, and the probable 
development io the line of various classes of electrical apparatus 
had to be considered. 
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In our larger Americaa cities, the load conditions can be 
divided into two general clasBes — one, in which a large load ie con- 
centrated over a comparatively limited area, which is the down- 
town or busiueBS district; and the other, the residence district, 
where the load is widely scattered OTer a large area. In the down- 
town district, nearly '60 per cent of the load goes lo power users; 



Fig. 11. Early A Uernatlug Current stailon, 

therefore the Bystcni had to be adapted to all classes of motor 
service, as well as for lighting. For this service in such a district, 
the Edison direct-current three-wire system is certainly the most 
satisfactory, and this system has been pretty generally adopted. It 
permits the use of storage batteries; requires less copper than does 
the alternat log -current system, because in it there is no loss due to 
inductance; gives better regulation; and is far better for general 
all-aroiind power service. 

To consolidate several systems of this class was a simple 
matter. It required merely that the se[)arate networks of mains be 
tied together, and a uniform pressure kept on the system by each 
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station feeding into it. In the outlying districts, however, the 
problem was more complicated. Because of the scattered load, 
moat of the systems feeding these districts used alternating current. 
But there was a wide divergence In regard to frequency and voltage. 
Some of the lines were 1,000-volt; others, 2,000-volt. Some used 
a frequency of 125 cycles; others, 133 or even 144 cycles. The 
secondary pressure ranged from 104 to 123 volts, while some of 
the earlier systems still maintained a secondary pressure of 50 
volts. A few of the later stations had 2,000-volt Hues, with a 
frequency of 60 cycles; and there were also polyphaw? (generally 
two-phase) lines for serving a motor load. A view of an early 
altwrnating-current station is given in Fig. 14. 

High-Voltage Polyphase Systems. This coiiglonierittc mass, 
then, had to be unified. A careful study of various systems showed 
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the four-wire three-phase system, with a frequency of 50 to 60 
cycles, to be Uio best suited to the distribution of such a load; and 
this system is being freely adopted. Good examples of it are found 
in Chicago, Milwaukee, St, Paul, and Cincinnati. The generator 
for this system is star-wound, with the neutral grounded, as already 
explainitl. The voltage at which this system is generally operati'd 
is 4,000 between phase wires. This gives a pressure of approxi- 
mately 2,800 volts between any phase wire and the neutral; and 
the single-phase lighting feeders are switched on to this 2,300-volt 
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connection. The variouB 
feeders are connected each 
to one of the phases and the 
neutral, bo ^at the three 
phases are approximate!}' 
balanced. For a power load, 
then, eonnection is made to 
all three phases, and the 
motor is usually of the poly- 
phase induction type, of 
which one is shown in Fig. 
15. Where the capacity of 
the nmtor is very small — 
under 3 II. P. — the single- 
phase type of induction 
motor, equippi-Kl with some 
8[)ecial starting device, is 
oficD used. Step-down of the voltaijc to the service pressure is, of 
course, accomplished by means of the ordinary 2,300-volt static 
transformers. 



Fig. 17. 
In Fifj. 1*> is seen a loO-lifflit (T.o-K.W.) transformer on a 
pole. The two wires corning down at the right are the 2,300-volt 
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primaries; while llie three-wire secondaries, of 115 volts per side, 
are brought up at the leCt. A diagram of a four-wire three-phase 
distribution is shown in Fig. 17; and in Fig. 18 is seen a switch- 
board installed for such a system. 

When the traDsmission distance is great, this three-phase 
pressnre can be raised to any desired amount, and then ste])ped 
down again at the substation, the local distribution again being 
done on 2,300-volt single-phase feeders with a pressure of 4, 000 
volts between phase wires. In some cities, a two-phase system 



Fig. IB. SwllchboBrd ol 4-WIre 3-PIiaae Dtstrlbntlon .System. 

was adopted; while others, again, used the three-wire three-phase 
system (in which a neutral conductor is not used and all load is 
connected between phase wires). Brooklyn has a two-phase 2,it()0- 
volt GO-eycle system in the residence section; Philadelphia also, 
though in the latter city the current is generated at 5,500 volts 
and stepped down to 2,300 volts alternating-current distribution. 
A 500-volt two-phase generator is shown in Fig. 19. For 
higher voltages the revolving-field type is used, thus avoiding 
collector rings and brushes for the high-voltage current. At the 
South Boston station of the Boston Electric Light Company (now 
part of the Boston Edison Illuminating C'ompany), the generators 
are wound for 2,300-volt three-phase 60-cycl6 currents. 
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In tliu direct-current districts, the load often iiicreaHwl very 
heavily in sectionB somewhat remote from the generating ur tho 
distributing center; and then it became a question of more utatioris, 
more copper, or some other additional means of tranamiKsion. To 
provide enough copper for satisfactory transiiiission and ivgnla- 
tioD, would bankrupt a company. To build and operate a new 
generating fitation in each section of heavy load, would be e(|itally 
ruinous. Consequently recourse is had to other means of trans- 
mission. The success and 
the comparative copf)er econ- 
omy of |K>lypbaBe transmis. 
sion lines, already mentioned, 
showed that system to l)e the 
proper one to adopt; and the 
three-phase system was ciiosen 
as the means to transmit cur- 
rent to substations located at 
or near the electrical centerof 
theload. Such a transmission 
system, from a large alterna- 
ting-current station in pref- 
erence to several direct-cur- 
rent generating stations, is 
considered good engineering 
whenever the total energy 
generated is large as com. 
pared with that used at any 
one locality. The voltage de- 
termined uiwn depended to 
i, but more largely on the 
nd cables, since in the cities 
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some extent on the local conditi* 
efficacy of the insulation of nndergi 
all lines must be below the surface. In the early days ot uudor- 
ground cables, 5,000 volts was thought very high pressure; to-day 
25.000 volts is not considered excessive; and a recent article in 
the Electi-ieul Age stated that an underground cable system will 
soon be installed, to be oi^rated at 30,000 volts. Thu insulating 
material used in these high-tension cables consists of paper treated 
with a resinous compound, the thickness in the yO,000-volt cable 
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being about onu-half inch. Over this is a lead Bheatb about ^-inch 
thick, to protect the cable against moieture and mechanical injury. 
These cables are drawn into ducts laid below the surface in the 
streets, as shown in Fig. 2. 

One of the earliest instaucea of the use of a three-phase trans- 
mission to a substation, for conversion to direct current of an 
Edison system, was in Chicago, where, in 1897, a 250.K.W. in- 
verse rotary converter, which converted direct current of 250 
volts to three-pbaae 2o-cycle currents was installed at the Harrison 
Street station. By means of step-up transformers, this pressure 
was raised to 2,250 volts, the pressure of the transmission. In 
the Bubatatioii on Wabash Avenue, near Twenty -seventh Street, this 
voh^t) was stepped down again; and, after passing through the 
rotary converters, the current was fed into the direct -current system 
at 115 volts, one rotary being connected to each side of the Edison 
system. Such was the bumble beginning of the very extensive 
system of high-tension transmission lines and substations, which, 
at quadruple the initial voltage, is now in operatiop in Chicaga 

In the same year there was installed in Brooklyn, N, Y., a 
similar transmission system with a rotary converter substation. 
Here the current was generated at I},ti00 volts, 25 cycles, three- 
phase, at the Union station, a similar system to that operated by 
the New York Kdison Company. In the magnificent Waterside 
station of this latter com{)any, there are at present eleven 5,500- 
II.P. vertical engines, each driving a 4,500-K.W. three-phase 
25-cycIe O,t)00-volt alternator. A 5,000-K.W. Curtis turbo- 
generator is being installed, and there is room for four more. This 
will make a total rated capacity of 75,000 K.W., all power being 
generated as alternating current fur transmission to rotary converter 
substations, from which it will feed into the Edison three-wire 
direct-current system. In the splendid new Fisk Street station in 
Chicago, 9,000-voIt 25-cycIe three-phase current only is generated, 
all by Curtis turbo-generators. Fig. 20 shows a Westinghouse- 
Parsons unit of 5,000 K.W. capacity. 

In Philadelphia, the 5,500-volt two-phase 60-cycl6 system, 
already referred to, is used for traiismission to rotary converter 
substations, as well as for the alternating-current distribution. 
Fig. 21 shows a row of rotary converters of a substation located in 
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the basement of a sky-scraper in the heart of the business district 
of Chicago. 

Where the load connected to transmission lines coneists solely 
of substation converting apparatus, a low frequency is desirable 
because of the accouipanyiog low inductive and capacity reactance 
of the lines, and also because of the slower speed of the syncbrou- 
ous motors and rotary converters which is had for a given number 
of field poles with a lower frequency. The higher the frequency, 
the greater the number of poles required, or the greater the speed. 
Because of the nei^essary number of commutator bars requirt;d be- 



Fig. ai. Eouiry CouverlerB In Baaement nt Office Building. 

tween the brushes of a D. C. machine, and therefore also on a 
rotary converter, the distance between the centi-rs of the pole pieces 
(that is, the pole '• pitch ") cannot be less than a certain fixed limit; 
and, therefore, for a given speed, the lower frequency allows a far 
simpler and cheaper construction. The higher- frequency machines 
are also more liable to " hant " especially when the load varies con- 
siderably. Furthermore, double-current generators having a com- 
mutator connected to the armature windings for direct current, 
and also having connections to collector rings from which alternat- 
ing current is taken off, are not practicable for frequencies much 
above 25 cycles. These double current generators, producing both 
direct and alternating current at the same time, form a very valu- 
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able element in a large etatioii in wbidi lioth tliese currenta are 
generated, the direct current for gwieral diBtributioii, and the 
alternating current for transmission to Biibstatious. A frequency 
of 25 cycles is therefore generally accepted as the most desirable 
for straight transniiasiori; but tbe alternations are noticeable on 
incandescent lamps at even 80 cycles, while arc lamps will not 
bum at all satisfactorily on frequencies of less than 40 cycles. 
liecause of these facts, the alternating distribution, as distinguished 
from transmission to substations, is effected by OO-cycle cnrrent, 
Tbe 25-cycle transmission current is then converted to current of 
60 cycles per second by means of motor generators or straight 
frequency -changer sets. 

In Europe, a compromise frequency of 42 and sometimes 50 
cycles is common; and cnrrent is transmitted and distributed at 
this frequency, thus requiring only voltage transformers and no 
frequency changers. A few 25-cycIe systema Lave been installed 
in Germany. For converting to direct current, motor generators 
are used more freely than are rotary converters. European tmns- 
1 lines of 10,000 volts three-phase are not uncommon. 
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With the adveut of polyphase traDsmiBsion in coDnection with 
lighting and power ejsteiiia, the old 500-volt power lines are 
gradually being abandoned, the power load being connected to the 
230-Tolt circuit of the Edison three-wire system, or, if in the out- 
lying districts, to the polyphase 60-cjcIe Hues. Series arcs have 
already been largely displaced by constant-potential are lamps. 
What this new system meant to the neighborhood in which the old 
stations were located, will be appreciated when one remembers the 
noise and dirt and smoke of these old stations, and then views Fig, 
22, a subatation set in the rear of a lot in a fine residence section. 

We have seen, then, how the high-voltage polyphase system 
has been evolved out of, and has unified, the mixed systems which 
were brought under one head during the era of consolidation. A 
study of some of the newest installations leads to the thought that 
perfection of system has almost been reached, and that further 
progress will be rather along the line of higher efficiency of appa- 
ratus at both ends of the system. When the true electrical era has 
arrived, when houses no longer have need of chimneys and all 
operations are performed electrically, then new problems will arise. 
How they will be met, none can now say; but they will be met 
succRssfuily. Another Edison— many of them, perhaps — will 
arise; and then our splendid systems of to-day may ultimately be 
supplanted by one of which the most imaginative dreamer as yet 
has seen no vision. 
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A MODERN CENTRAL STATION DESIGN.* 



The design of mast of the central stations in this country can 
hardly be said to be ideal; first, on account of the handicaps and limi- 
tations imposed by the location and environment of the selected site; 
secondly, because usually the cost of the land to be built upon renders 
it imperative that the area covered be made as siaall as possible. 

In selecting the site for a large power station, three main problems 
confront the engineer — first, a satisfactory location with a low valua- 
tion must be found v.hich is reasonably near to the bulk of the busi- 
ness; secondly, the location must be so situated that the fuel can be 
brought to it with the least expense for freight and handling; that is, 
it should be somewhere on a main ship-channel below all drawbridges 
with ample depth of water and (locking facilities for coal-carrying 
vessels up to sc\-en or eight thousand tons burden. Also there should 
be ample ground adjacent to both the dock and the proposed station 
site to permit the storing of at lea.st six months' supply of fuel, and so 
situated that the minimum amount of coal-handling and conveying 
machinery is required. Thirdly, an unlimited supply of suitable cool- 
ing water must he provided for the condensers; this should be such 
that the temperature will not be excessive during the summer time. 
The wafer should be free from sewage, seaweed, and other debris; and 
the proposed location for the station should be such that the distance 
the water has to be lifted from the level of the supply to the top of the 
condensers is as small as possible; and the length of pipes or tun- 
nels employe<l to take the water from the supply to the farthest con- 
denser is as short as possible. 

The location of the L Street station of the Boston Edison Com- 
pany fulfills these conditions admiral>ly. The ground consists of two 
city lots of about 25 acri',;, two-thinis of which is solid'ground, and is 
situate<l at the corner of L and East First streets, South Boston. 
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2 CfeNTHAt STATlOTJ DESlQtJ 

Measured by an air-line it is about two miles from the center of the 
business section of Boston. Tt has a water front of 815 feet on the 
so-called "Reserved Channel," is one-half mile from the main ship- 
channel of Boston Harbor, and is so located that no bridges will ever 
be built between it and the main ship-channel. 

The solid ground consists principally of gravel with a bed of clay 
underneath so that the heaviest construction called for in the building 
of the station can be carried on ordinary footings without the use of 
piles. The area of the solid ground is more than double tliat required 
for the ultimate size of the station under consideration, consequently 
there is ample room for the storage of fuel close to the boiler-house. 

Before taking up in detail the design of the station, a brief descrip- 
tion of the company's territory will be given. The Boston Edison 
Company's system supplies electricity to a heavily-loaded business 
section of the city, whi^h covers a comparatively small area located 
within a mile of the water-front. This business is supplied by a direct- 
current station on the water front having 10,500 K.W, of machinery, 
with room to increase the capacity to 14,*>00 K.W. Surrounding 
this business section is a city residenti^ district where the load is con- 
^erable, although much lighter, than in the business part. Here 
the customer rec'eives direct current from sub-stations supplied, 
tlirough motor-generator sets, from the existing alternating-current 
station of 9,000 K.W. capacity, located on the L Street property. The 
output of these sub-stations being direct current, they are, with one 
exception, equipped with storage batteries. 

Many of the business people of Boston live in the surrounding 
cities and towns. Up to a few years ago most of these suburban 
places had their own local electric-light companies, usually operating 
small uneconomical steam-generating stations equipped with more 
or less obsolete forms of machinery. 

Within the last two years the Boston Edison Company have pur- 
chased the property of many of those local companies, and in most 
instances are changing the stations to modem alternating-current 
sub-stations, making a suburban business which extends in various 
directions from 12 to 30 miles outside of the city. 

This large increase in suburban territory together with the rap- 
idly-growing city business called for an immediate enlargement to the 
alternating-current station which was already loaded to its full capa- 
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city. A new station was therefore planned with an ultimate capacity 
of 60,000 K.W. to be built on the L Street property alongside the 
existing station. The first installation of 10,000 K.W. is just being 
completed. The position of the existing station on the property was 
fortunately such that it wa^ no handicap in the location and arrange- 
ment of the new station. As a matter of fact, the old station naturally 
merges into and becomes a part of the new station, and had it not 
existed it is doubtful if any change would have been made in the 
design of the latter. 

The value of the real estate b very small and will doubtless so. 
continue for many years to come. Therefore the station buildings 
could spread out over the land as much as desired, and no attempt was 
made to build additional stories for the sake of saving ground area. 
Under these conditions, it is cheaper to spread out the buildings on 
the ground than to carry them up in the air to an equivalent area, and 
liberal room for and around the apparatus facilitates the operating, 
cheapens the cast of making repairs, and renders it easy to keep the 
stations clean. 

The shape of the property was such as to make it desirable to 
erect the buildings with the ends towanl the water front, which natu- 
rally brought the buikiing of that end of the station first. 

The turbine-nx>m will Ik; 050 feet long, 68 feet wide, 50. 5 feet 
high, and without a basement. It has no side window.s. A liberal 
monitor with glass sides and roof gives a liettcr <listribution of day- 
light than do side window.s and in conrtection with windows in the 
end walls pnjvides good ventilation. 

The boiler-house will lie <i40 feet long, 140.5 feet wide and of the 
same height as the turbine-room. The arrangement of the boilers 
practically divides this building into seven fire-rooms. The lighting 
and ventilating is done from the R)of similarly to the turbine-room. 

The switch-house will \k OO.'i feet long, 30 feet wide, and several 
stories high. The buildings for the installation of 60,000 kilowatts 
of machinery cover about 160,000 square feet, which is equivalent to 
about 2.67 square feet per K.W. 

The ends of the buildings facing the water have been made the 
front of the station; with an entrance through offices located in the 
front end of the switch-house. The buildings are set back 136 feet 
from the sea-wall, the intervening space covered with a fine lawn and 
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planted with shrubbery. Through the center of this lawn a paved 
driveway leads from the ornamental entrance gates on L Street to the 
office entrance, making a well finished and attractive environment in 
keeping with the interior. 

In designing this station the grouping of the apparatus has been 
given special attention and care has been taken so to arrange them 
that thry naturally come under the charge of the class of operators 
best fitted to care for them. 

The turbine-room has received all of the machinery in the station ; 
even the boiler feed-pumps usually considered an adjunct of the boiler- 
house arc treated as part of the turbine auxiliaries, and are placed in 
charge of the turbine operators. The boiler-house contains only the 
boilers with the necessarj' piping, etc., so that the work in this room 
is to bum.coal properly and maintain the steam pressure. 

AH of the electrical apparatus has been grouped together and 
installed in a separate building adjoining the turbine-room, isolated 
from the noise and dirt of the latter and free from liability of damage 
by accidents to any of the turbine-room machinery. 

The electrical operating, a matter of brain work, is done under 
as favorable conditions as is found in any office building, with no du- 
plication of apparatus, and the operators cannot be disturbed by 
anything going on in the turbine-room. Escaping steam can neither 
damage the apparatus nor interfere with the work of the operators, 
while they can oversee any of the generatinf" rooms by stepping 
through doors in the .side walls on to observation galleries. 

To acKl to the architectural apiiearance of the interior of the 
turbine-room, and also to facilitate the work of keeping the room neat 
and clean, it is finislie<l with tile and enameled brick. The floor is 
tiled in dark red with black borders arranged in the form of a simple 
design to relic^'c the monotony of one color. The walls have a wain- 
scot of two-colored green tile about ten feet high, and al>ove they are 
paneled with a light-colored tile an{l cnamole<l brick. The crane 
track is concealed by the wall finish. This room is divi<ied into three 
parts by permanent division-walls in which aw large doors at the floor 
level, an<l large windows above, all (H]uip|K'd for cpiick closing. Onli- - 
narily these will be opent^l, giving practically one limg room, but in 
case of a serious accident in any room t!ie openings can be (juickly 
dosed, isolating the trouble and leaving the other rooms free to operate 
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without any interruption. The boiler-room has walls finished in tile 
similar to the turbine-room, but the floor is not tiled. The result is 
that these rooms are ornamental in character and are easily kept clean, 
while at the same time the cost of the decoration is quite moderate. 
Before the finish was determined upon, cost estimates were made on 
the various possible methods of satisfactorily finishing the rooms, 
including the up-keep for an extended period of years, and the finish 
employed was found to be the cheapest that could be adopted, being 
even less expensive than painting. 

The exterior of the station buildings is simple and massive in 
character. Cut granite underpinning is used and the prominent walls 
are faced with a dark paving brick trimmed with terra-cotta. 

Tile apparatus is installed on the unit system. In the turbine- 
room all the auxiliaries rcquireti for a generating imit are grouped 
around that unit and are generally of sufficient capacity to serve that 
unit alone. The boilers necessarj- to supply the generating unit are 
in one row directly behind the turbine. In this way each generating 
unit is a small central station in itself. Practically no cross-connec- 
tions are installed between the various units except that between each 
pair of units. The steam mains are joined by a small-sized tie so that 
a generating unit can be run temporarily from the boilers of its mate, 
should an emergency require. In this way a very simple piping 
system is sufficient, reducing the cost of installation and maintenance, 
and simplifying the manipulation of the station under emergencies 
when the engineer has to think quickly, and when he must be sure that 
the manipulations are made rapidly and correctly. The duplication 
of auxiliaries is eliminated, and should a generating unit be put out 
of commission by the failure of any one of its essential parts, it is 
intended that the entire unit will be shut down and another one 
started in its place. 

Before determining upon the apparatus to be installed in the 
station, careful consideration was given to the respective merits of 
turbines and reciprocating engines as prime movers. The advan- 
tages of the turbine over the engine in first cost, the lesser amount of 
help required to operate, the ability to use condensed steam with safety 
for feed in the boilers, together with the fact that the apparatus takes 
very much less room, decided the question in favor of the turbine. 
These considerations were held to justify the decision without regard 
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to the water consumption, and the decision will be considered wise 
even though the water consumption proves to be no better than that 
of a good engine, although it is expected to be better. Another im- 
portant feature is the ability to start an idle unit quickly. The earlier 
turbines were open to improvement in this respect, but the later ma^ 
chines have been safely started and brought up to full load with 
remarkable speed. 

The turbines used in the first installation are of the Curtis type 
with a rated capacity of 5,000 kilowatts on a conser\'ative temperature 
rise in the generator. They are four-stage machines with surface 
condensers built in their bases and are equipped with mechanical 
brakes for bringing the machine to rest for an cmei^ncy stop. In 
these features they are the first mat'hines of their kind to be installed. 
The base condenser was adopted because it will give a somewhat l)etter 
vacuum in the turbine, which is an important consideration in turbine 
work. It also considerably reduces the floor space required for the 
installation, somewhat simplifies the piping, anil makes possible a 
more symmetrical and pleasing grouping of the macliincrj'. Its dis- 
advantage is that it increases the height of tlie turbine a few feet, 
which is, however, of little moment. Its first cost is somewhat more 
than an independent condenser, which may be partly l>alanced by the 
saving in piping; and it requires special arrangement for filling the 
condenser tubes with water when the turbine is to be non-condensing. 

The brake is very useful for emergency shut-downs, I>eeause the 
turbine will run for some hours with no load and no field, while with 
the brake it is possible to bring the machine to rest in a)>out five min- 
utes. It also facilitates the overhauling of the step bearing by sus- 
t^ning the weight of the rotating parts. 

The generator is a three-phase alternator, Y-connected, flO-cycle 
machine, generating at 6,900 volts. This number of cycles was deter- 
mined upon because the bulk of the aIteniatingH?urrent business is 
lighting, and also for the reason that the existing alternating-current 
apparatus has the same number of cycles. 

The auxiliaries for each turbine consist of a circulating-pump, a 
wet and a diy vacuum-pump, a step-pump, a hydraulic-accumulator, 
and the boiler feed-pump for the group of boilers connected to the 
turbine. All these machines are steam driven with the exception of 
the wet vacuum-pump which is motor driven because its speed is too 
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high to be conveniently handled by an engine. Careful consideration 
was given to the subject of steam- versus dectrieally-<iriven auxiliaries, 
and steam was determined upon because it gives better station econ- 
omy. AH the exhaust steam from the auxiliaries is carried to the feed- 
water heater and Is condensed in heating the boiler-feed. The con- 
densation is then discharged to the. sewer as it contains too much 
cylinder oil to warrant trying to purify it. As all the exhaust from the 
auxiliaries can be condensed in heating the feed-water, the greatest 
possible use is made of the heat originally put into this water in the 
boilers, for practically all that is not taken up in the form of work in 
the engine cylinder is returned to the boiler in the feed. Moreover 
the first coat of steam-driven auxiliaries is less than the electric drives, 
and speed regulation over wide ranges is much more ea^ly accom- 
plished. 

The circulating water-pump consists of a centrifugal-pump driven 
byasimplehigh-speedengine with a throttle governor. The quantity 
of water to be handled is very great, and the head very low, so that a 
centrifugal-pump is well adapted for this duty. It also makes a very 
much smaller machine than a piston-pump, is much less expensive, 
and at the same time it is very simple and requires almost no attention. 

The distinctive feature of the dry vacuum-pump is that the air- 
cylinder is placed at a right angle to the ateam-cylinder, thus giving a 
better turning moment on the crank, and it takes leas room. The air 
end is built single stage, and will maintain a vacuum on a closed tank 
within one-half inch of absolute. The steam end is throttle governed 
to permit of speed variations while running. The wet vacuum-pump 
consists of a two-stage centrifugal-pump, motor driven. This pump 
will maintain a vacuum in the condenser equal to that of the dry 
vacuum-pump without the use of either suction- or discharge-valves; 
thus requiring a minimum amount of repairs and almost no operating 
attention. The boiler feed-pump is an ordinary duplex, center- 
packed plungei^pump, selected because it is easier and quicker to 
repack, and a casual inspection will show if there be leakage from the 
plungers. 

The step on the turbine is lubricated by water instead of oil, be- 
cause the water is a.s good a lubricant for this purpose, is cheaper, and 
tlie rubricating .system .simpler, 'i'he water is forced into the step 
under a pressure of about 1 ,000 lbs. by a steam pump of similar design 
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to the boiler feed-pump. As even a momentary stoppage of the water 
supply to the step would result in damage to the bearings, a motor- 
driven triplex-pump, which can be started much quicker than a steam- 
pump, is installed as a relay to the main step-pump. To obiiate 
fluctuations in the pressure due to the pump's reversing its stroke, a 
weighted hydraulic accumulator is used. This is made of sufficient 
capacity to keep the step supplied with water for ten minutes, thus 
giving time either to shut down the turbine iiy means of the brake or 
to put the relay-pump in semce, should the .sfeam-pumj> fail. 

The condensing apparatus Is designed to condense 153,000 lbs, 
of steam per hour and maintain a 2S-inch vacuum in the con<lenser, 
with the cooling water at summer temperature of 70 degrees Fahren- 
heit, The same apparatus under winter conditions and when the 
heaviest loads occur on the station, will give a vacuum within about 
three-quarters of an inch of the barometer. 

The cooling water is conveyed to the pumps by brick tunnels 
running under the center of the turbine-room, at such grade that tliey 
arc always flooded, and constructed within the building so that the 
machinery can be installed above fheni. For additional insurance, 
two tunnels are provided for the incoming water, each supplying one- 
half the station. The notable feature of tliis system is the intake con- 
struction at the sea wall. Racks and screens, provided to keep out 
all floating material, are so in.stal1ed that they require very little clean- 
ing, and the screens are arrange<l to be easily removeil and cleaned 
without permitting debris to pass into the tunnels. Where the tunnels 
join the screen chamber, heavy timlier gates are proviiled so that the 
tunnels may be pumped dry for inspection of repairs. The waters 
front construction is of concrete with a wing-dam so designed that, 
while the warm discharge-water empties into the harbor alongside of 
the incoming tunnels, thus simplifying the construction, at the same 
time the latter tunnels get the coldest water available, without danger 
of taking any of the warm discharge-water. 

The rows of boilers are placed in pairs alternately face to face 
and back to back, with a chimney for each pair midway of tlie row 
and between them. Thus six chimney.s in all arc required, eacli being 
230 feet high above the level of the grates, or sufficient to di.spense 
with forced draft. Building the chimneys between the rows of l>oiI- 
ers, considerably increases the ground area of the boiler-house, but 
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the additional space is very useful for work-room, toilet>rooms, etc. 
The boilers are elevated from the ground to provide liberal space 
beneath for the ash handling. Large brick chambers immediately 
below the boiler furnaces collect the ashes, and discharge through 
valves in their bottoms into carts or cars on the ground floor. Other 
distinctive features of the boiler-room are the provisions for bringing 
air to the furnaces, the locution of the piping mains, and the small 
capacity of the coal-bunkers. 

The ash-room has a free circulation of air at all times through 
openings in the exterior walls which are without doors and are pro- 
vided with grills. In the front wall of each ash-chamber, close to the 
fire-room floor, are openings equipped with dampers admitting wr 
directly to the ash-pits and maintaining an adequate supply to the 
furnaces, while permitting the windows and doors to be closed, during 
extreme weather conditions. 

A portion of the basement under each two rows of boilers is sepa- 
rated from the ash-room by partitions forming the pipe-room. Im- 
mediately under each row of boilers in this pjpe-room are Installed all 
the various pipe-mains which connect with them, and only branch 
pipes to each battery of boilers are taken into the fire-room. This 
puts the most of the boiler-room piping into a warm, clean room by 
itself where it is accessible, free from cold drafts which would tend to 
start leaks, and where it can bp carried upon substantial supports. 

The grouping of boilers and turbines which has been adopted, 
gives a smaller amount of piping than would be the case were the 
boilers placed in the usual manner in two rows, parallel to the turbine- 
room, and makes a very short smoke-flue with a minimum amount 
of reduction in the draft. 

Supplying each row of boilers is a line of coal-bunkers built in 
monitors above the roof. As there is practically no piping on top 
of the boilers, little space is needed above them, and building the 
coal-bunkers in monitors enables the boiler-house to be made quite 
low, saving considerable expense in the cost of the structure, and 
also in heating only a small waste space above the boilers. As there 
is always a large amount of coal stored alongside the station, the 
capacity of the bimkers is made small, being sufficient to last during 
the time of making routine repairs in the coal-conveying system. 
This reduces (he cost of the building very materially. The boilers 
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are equipped with the attached type of superheaters and automatic 
stokers. They are higher by two rows of tubes than is the usual 
practice, which provides for additional storage of hot water, and in 
such form that it will also serve as additional heating surface. 

The amount of superheating, 150° Fahrenheit, was made conser- 
vative to he sure that the temperature would not cause trouble with 
flanged joints and in the steam-cylinders of the auxiliariea. The 
attached type were selected because they took no additional room and 
are self-regulating. Use of superheaters at the direct-current station 
shows again of about 9 per cent per 100° Fahrenheit of superheating in 
the engine economy, and while with the attached type it is impossible 
to make comparative tests with and without superheaters upon the 
same apparatus, the station economy indicates a substantial net gain 
by moderate superheating. 

Stokers were selected that seemed to give the best results with the 
high-^rade fuel used in New England, and with a minimum amount 
of repairs; the labor required to operate them is small, and very little 
combustible fuel is wasted in the ash pits. 

Beneath the coaUbunkers small non-automatic weighing hoppers 
are installed. Direct-reading beam-scales are used because they are 
reasonably accurate, cheap in first cost, and are easily tested. 

No economizers have been installed l>ecause of their doubtful 
value under the operating conditions of this station and of their effect 
on the chimney draft, which is liable to cause a reduction in the capa- 
city of the boiler plant at the time when the maximum is needed, or 
else make it necessary to cut the economizers out of commission at a 
time when they would be most useful. 

The storage of coal is a very essential feature of a large central 
station, and is seltlom adequately taken care of. Alongside of this 
station and adjacent to the water front an open-air storage of from 
60,000 to 70,000 tons of coal is provided where the coal is stored with- 
out any shelter and immediately on the ground, ' The winter's supply 
of coal can therefore be purchased while the freight rates are low dup- 
ing the summer time, which, notwithstanding the loss from weathering 
coal, reduces the cost of fuel delivered in the fire room. 

The coal-wharf is equipped with an electric tower, operating a 
one-ton clam-shell bucket and one electro-hydraulic tower operating 
a similar bucket of 1 .5 tons capacity . The electrorhydraulic tower is 
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a new design in which hydraulic-elevator cylinders furnish the power 
for operating the bucket. The water pressure is obtained by a three- 
stage centrifugal pump driven by an induction motor. This pump is 
automatic in its Edition, and when the water pressure reaches the max- 
imum point the pump continues running and maintains that pressure 
without delivering any water, until the pressure drops. The tower is 
operated by one man with a minimum amount of physical exertion. 

The coal is conveyed from the wharf to the storage-yard by a 
system of conveying belts, the conveyors from the wharf to the yard 
having a maximum capacity of 700 tons of coal per hour. This con- 
veying system was adopted because it was possible to obtain a very 
large capacity when desired, with a minimum amount of attendance 
and repairs. 

The storage-yard is equipped with an electric recl^ming-bridge 
which operates a clam-shell bucket of the usual type and of two tons 
capacity. This bridge is .so installed that it will cover the entire 
storage-yard, and besides taking coal from the field and putting it on 
to the conveyor running into the station, it is very useful to turn over 
the coal quickly should it show signs of heating. 

The distinctive feature of this reclaiming-bridge is the fact that 
all the machinery for operating the bucket is installed on a trolley car 
running on the deck of the bridge. The operator riding on this trolley 
is always immediately over his work, and can control the motions of 
the bridge at the same time he is operating the bucket. 

The water-supply for the boilers is of equal importance to that of 
the fuel. Water-service pipes of ample capacity for the total station 
are brought into it from large mains in the two adjacent streets. 
These will shortly be fed from separate trunk mains. For a further 
safeguard to the water-supply, a system of storage-tanks, with a com- 
bined capacity of 50,000 cubic feet of water or sufficient to run one 
turbine on the condenser for about ten days, is installed on the ground 
alongside the station building and at an elevation considerably above 
that of the feed-pumps. 

As to the general arrangement of the switching, there are of neces- 
sity three bus-bar pressures, the excitation, and the possibility of a 
fourth pressure being required later. The engine-driven alternators 
generate at 2,300 volts, and the turbine-driven alternators at 6,900 
volts. This latter was fixed upon after careful consideration of the 
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location of the present business with reference to the station and of 
its probable growth. Tliere is also a certain amount of 4,600-volt 
business which crept into the system some time previous because a 
considerable amount of business developed at a distance too far away 
for the economical use of 2,300 volts, and the standanl cables on the 
system would safely carry only 5,000 volts. Therefore, the simplest 
expedient at that time was to install two-to-one transfonners and 
supply them from the old station bus-bar. This business which 
started in a small way long before a turbine station was considered, 
bad grown to a considerable size at the time the turbine was installed, 
and the loss in the underground cables and other apparatus — which 
would have no commercial value in case this pressure was changed — 
prohibits making any change at the present time. The turbine pres- 
sure of 6,900 volts promises to be ample for the present needs of the 
company, but it can be easily foreseen should the lines be extended 
beyond their present limits or should the business at the end of some 
of the transmission lines materially increase, that this pressure might 
be too low. If this happens, it is planned to double the pressure on 
the transmission lines in question aniJ transmit in these instances at 
13,800 volts. All transformers installed on these lines are built with 
13,800-volt taps. 

The bus-bars in each system are installed in duplicate, and so 
arranged that they can be cut into short sections of no more than 
10,000 K.W. each by tie-switches, and any transmission line or gene- 
rator can be isolated if it is desired to do so. Transmission lines are 
grouped with the generators on a section of bus-bar so that this bus-bar 
does not have to carry much current any distance lengthwise. The 
generator is connected to the bus-bars through one main-switch and 
two selector-switches. These switches are designed to open under 
the full station capacity, should emergency ever demand it. The 
transmission lines have selector-switches but no main-switches at 
present, space being reserved for the installation of selector-switches 
should they prove desirable later. 

The switches are all instalia:! on the third floor of the switch- 
house. The selector-switches are in two rows. Each row consists 
of two switches (placed hack to back) running through the center of 
the building and immediately over the bus-bars they connect to. The 
mwn-switches are installed in two single rows, one on each side of the 
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switch-house and against the side walb. On the floor below, the bus- 
bar compartments are arranged similarly to the selector-switches, 
two rows of two througli tt.t; center of the room. In two single rows 
on each sidf^ wall immediately under the main-switches are grouped 
the instrument transformers in special compartments. 

The oil-switch cells, the bus-bar chambers, and the instrument 
transformer chambers are all built of a light-yellow brick with a fine 
cement joint, the brick being selected for its low absorption properties. 
The barriers in the bus-bar compartments and also in the instrument 
compartments are of reinforced concrete with a fine, close-grained 
finish. These are all made in moulds and set in place similarly to 
slabs of alberene; (hey have as good insulating qualities as alberene 
with less absorption, are much cheaper; and furthermore are less liable 
to break. The bus-bar chambers are fully enclosed, smalt doors being 
left in the wall for access to the connections only. The instrument 
transformer cells are left open. The front of each switch-cell is en- 
closed with a wooden frame filled with a pane of glass which permits 
an inspection of the pot, while at the upper part of the frame there are 
a few slats for ventilation, and for vents in case of an explosion. 

The transmi-ssion lines and also the turbine-leads and transfor- 
mer-lends enter the basement of the switch-house in duct-lines which 
tenninate in this room and at a point nearly underneath the selector- 
switches they connect with the upper floor. The lead -sheathed cables 
terminate in end-bells as close to the end of the ducts as possible, from 
which points cable with flame-proof braiding is carried on glass insu- 
lators and tlm>ugh jxtrcclain tuljcs to the switches overhead. From 
the end of the ducts, the cables are taken in air-nms and they are so 
groupi^l throughout the basement that there is ample air-space be- 
tween all cables. Provision has lM?en made for the installation of 
static-discharge apparatus In this iKisement, but at present none has 
Ijecn installed. 

Tlie cU'ctrical oi>crating-room is on the fop floor of the switch- 
house about in the center of the hnihling and contains nothing but the 
operating apparatus. Convenient stairways leading down from this 
nwm tlmnigli the switch-house bring the (([xrator in close touch with 
all the switching apparatus. A signal system similar to that used on 
l)oard ship enables him quickly to communicate his onlers to any of 
the generating rooms, doing this with a certainty that the order will 
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not be misunderstood. Thb system also provides for an acknowledg- 
ment indicating when the order has been carried out- 
All the switching apparatus with the exception of the excitation 
system is remote-controlied. The controller paneb with all the neces- 
sary instruments are grouped in the operating-room in the form of a 
rectangle, facing inward so that the operator can see at a glance any 
panel in the room. The excitation switching is hand-controlled. 
The bus-bar for this is brought into the operating-room and placed 
between the two groups of switches controlling the engine-driven 
alternators and the turbine-driven alternators. The paneb for the 
ground-detectors are installed alongside the excitation, but so that 
the operator has grouped at one end of the room all the apparatus 
which requires constant attention. The transmission-line paneb, 
transfonner paneb, and others are scattered along down the room in 
the order that is most convenient for their installation, without refer- 
ence to the sequence of the switches themselves down stairs. The 
excitation is furnished by one small steam-driven set of sufficient ca- 
pacity to start up an engine-driven alternator in case the entire station 
should be shut down, three small motor-driven alternators located in 
the old engine-room having a capacity sufficient for all the engine- 
driven alternators, and three large mofoiniriven exciter sets, one in 
each of the individual turbine-rooms with sufficient capacity to supply 
the turbines. In aildition to the motor-generator sets diere is a stor- 
age-battery with a capacity of 1,000 amperes for an hour, floating on 
the excitation bus-bar. Besides the generator fields, there are fed 
from the excitation bus-bar a few other pieces of apparatus which are 
particularly necessary to the operating of the station, such as the 
motors operating the oil-switches, the relay-pumps or the step-bear- 
ings, and a few lights around the station which would be essential in 
case the general lighting system should give out. 
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A GRAPHICAL METHOD OP RECORDINO DATA OP ' 
BOILER TRIALS. 

The tisual metbod of keeping the data of a boiler or epgicfl 
trial is to tabulate the readings. From tliese readings tlie results 
— which are also tabulated — are calculated. To the engineer in 
charge of the test, these figures are partially satisfactory, but for 
anyone else to get a good idea of their meaning, careful study ia 
necessary. The tabulated figures give little information regarding 
the uniformity of conditions during the trial. 

To represent the readings and conditions so that anyone in- 
terested in the subject can know them ataglanee,agraphical record 
may be made on co-ordinate paper. This chart has so many advan- 
tages that it is well worth the little trouble. For the benefit of 
those not familiar with graphical representations on co-ordinate 
paper, a brief description is here given. 

LAYINQ OUT THE CURVES. 

The first thing to do is to find out the limits between which 
the readings are likely to vary. For instance, the steam pressure 
under working conditions will probably vary not more than ten or 
fifteen ponnds. The engineer in charge of the plant usually 
knows the limits of feed-water temperature. After noting the 
variations of all the items, the limits may be laid off on the edge 
of the ruled paper. 

The scale to whiuh the readings are plotted depends upon the 
item. It is quite evident that the feed-water tern |)e rat u're curve 
should be plotted to a largiT scale than the curve of flue tempera- 
tures. A little thought and calculation will easily settle these points. 

As an example, let us consider the accompanying table and 
Fig. 1. The table shows the readings taken during a certain boiler 
test recently, and the curves of Fig. 1 form the graphical record of 
the readings. The readings are given up to 8 o'clock only, as 
these are sufficient to show the method. 

Of course, the layout varies with each test and the scales may 
be chosen to suit conditions. In Fig. 1, each small division (ver- 
tical) represents the following increments: 
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Tampomture of flue km , &y 

Temperature of feed water 5" 

Hteam pressure 2 proimdc 

Draft (incbea of water) 06 Inch 

Calorimeter (quality of steam) 01 

Water 20 cub. ft, 

Coal aOO pounds 

Tiiue li plotted along the Lortzontal as bIiowd. It will be 
noted tbat all the readings except those of the aiiiounte of coal 
were taken at half-hour Intervals. 

LOO OF TEST. 
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.52 
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After determining the Btarting-pointa, it i^ an easy matter to 
plot the curves. Let us take the flue temperature as an illustra- 
tiOD. From 7 o'clock to 8 o'clock, the temperature rieea 40 degrees 
(600 — 460=^ 40), and as one division equals 20degreee (see table 
abore), the curve rises two divisions as shown. At 9 o'clock the 
reading la 520 degrees, bonce the curve rises one division. By re. 
membering the scales, each reading may be plotted as soon as taken. 
It is usually easier to plot the increase or decrease from the last 
reading; but if this is done, the plotted points should be verified 
occaBionally by referring to the base-line of the curve in question. 
PLOTTINQ THE CURVES. 

For plotting the curves, the co-ordinate paper may be tacked 
on a hoard and kept in some convenient place so that each observer 
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may plot hie readings immediately after taking them. This is ad. 
rantageous in that each observer need remember only liie own 
scale and plot bia own curve; but it may cause confusion, especially 
if there are many observers. If tliero is a sufficient number of 
observers, one may have charge of the plotting and either go 
around and get the obBcrvations, or the readings may be brought 
to him to plot and record as a duplicate table. 



Fig. L 

Tlie reading and plotting of pressures and temperatures will 
present no diflicnlty, Itecauae they can bo taken at stated intervals 
and the variation is slight. The coal and water, however, are not 
so easily taken care of. In the case of hand-firing, the coal may 
be weighed and supplied to the floor in front of the boiler in 200- 
pound lots. Or, all the coal for the test (as nearly as it is possible 
to estimate it) may be weighed at the start. If tho readings are 
to be plotted, it is well to supply the coal in 200-pound lots as 
needed. If the amount of coal kept in front of the furnaces is 
very slight, that is, if the 200-pourid lots are recorded only at the 
time of firing, the curve showing the amount of coal used will be 
quite satisfactory. 
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Aa before stated, the item of coal consumed cannot be recorded 
at regular intervals. As tbe squared paper (see Fig. 1) allows 
ten spaces per bour, each space is tbe equivalent of six minutes; 
and by remembering tbie scale, tbe time can be plotted very 
quickly. Thus, in Fig. 1, tbe first lot of coal was fired at 7.30, 
tbe second at 8.05, the tbird at 8.55, the fourth at 9.40, and so on. 

^ith mechanical stoking, tbe curve of coal consumptioD 
' cannot be plotted in this way, because the hoppers are filled when- 
ever necessary and tbe amount of coal used between any two inter- 
vals of time must be estimated. This estimate would be so 
unreliable that it wonid be worthleas. 

To overcome this a speed counter may be attached to the feed 
mecbauism, and the readings taken at tbe given intervals. When 
tbe test is over, the amount of coal used per 100 revolutions of tbe 
speed counter is easily found, since the total amount of coal con- 
sumed is known, and the number of revolutions is known. In 
this way a curve may be plotted to show tbe coal consumption ; it 
would probably be as accurate as for band-firing. 

The water fed to the boiler may be measured by a meter, iu 
a tank, in barrels, or by any other convenient method- In Fig. 1, 
the amounts are in cubic feet aa given by the meter. These read 
ings may be plotted as they are, or they maybe reduct-d to pounds 
by multiplying by a factor which varies with tbe temperature. 
This factor will approximate 02.4. If a water meter is used, it 
should be carefully calibrated so that the error in this item may 
be reduced to a minimum. 

In ])lotting the coal and water, it would bo well to reduce the 
meter readings to pounds, and then ]>lot both coiil and- water to 
the same scale. This, however, is not at all necessary. 

It is a well-known fact that many short boiler tests show 
remarkable results as to evaporative efficiency. The excellence of 
these results is due largely to an incorrect estimation of the amount 
of fuel on the gates when starting and stopping. In making a 
test from a flying start, the conditions of the fires is carefully 
noted at the time the first readings are recorded. This usually 
occurs just after <Jeaniiig or a few minutes after cleaning. 

To eliminate these starting and stojiping errors, the graph- 
ical method will bo found of great assistance. To do this, tbe 
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ciirvea slionld be plotti-d carefully and tlit'ii tlie two eiida out out. 
Aa tliB water level is usually marked at the begiiiiiiiifj of the test, 
cartful note should be made at each rt-ading, so that, if the water 
is above or below normal, the aipount be allowed for. 

The curves shown in Fig. 1, are constructed by connecting the 
points by straight lines, Konie prefer to draw a stnoulh curve 
through these points. 



Fig. 2. 

The graphical method shows inaccui-acies in readings, such aa 
counting a lot of coal twice or rending the meter iucorrectly. 
While this is especially true of a test made while running undera 
steady load, the graphical log ia valuable also if the load fluctuates, 
for the curves for coal and water should show the same relative 
positions to each other. 

Fig. 2 is the graphical log from a test of a small gas engine. 
It serves to show the application of the same principle to a differ- 
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ent test. In addition to tliu curves aliowii, tlte ciirvee fur gas used 
per indicated horeo-power jwr hour may Iw plotted if there are 
iufiicient obaerverB to measure the cards. 

The graphical method is equally valuable in testa of engines 
and otlier machinery. "With necessary modifications it may he 
used when teBting electrical niachiuery. 
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STORAGE BATTERIES 



Storage or secondary batteries, also called accumulators, con- 
sist of celb io which a chemical change is brought about by passing 
an electric current through them, thereby rendering them capable of 
giving back electrical energy, or discharging, until they return to their 
original chemical condition. 

Ordinarily a storage battery consists essentially of two sets 
of plates suspended in a chemical solution. The plates are of metal 
or metallic oxide, and the solution is incapable of acting upon them 
until an electric current is passed from one set of plates to the other. 
This current decomposes the electrolyte, one of its ions or constituents 
going to one set of plates and the remaining ion or constituent to the 
other. Thus two chemical elements or compounds are fortoed, 
having a tendency to combine or react; and when combination or 
reaction occurs on closing the circuit, the energy evolved appears as 
an electric current, which flows in a direction opposite to that of the 
charing current. This flow of current continues until the cell is 
restored to its original condition; when this occurs, the cell is said 
to be discharged. 

A Primary Cell is one in which electrical energy is produced 
by the chemical action of one or two solutions on the plates of the 
cell. When the solutions or plates are exhausted, they are not 
restored to their original condition by the passage of an electric 
current in the same cell; but it is possible to regenerate or recover 
the solutions and metal by treating them electrolytically or chemi- 
cally in other vessels. 

An Electrolyte is a chemical compound capable of acting as 
an electrical conductor, and while so acting, undergoes chemical 
decomposition. This phenomenon is called electrolysis. 

For example, when hydrochloric acid is decomposed by elec- 
trical energy, it is decomposed into the elementary gases hydrogen 
(H) and chlorine (CI). The chemical formula for this action is, 
2H CI + Electrical energy = CI, + H,. 
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When sulphuric acid is electrolyzed, it is at first split up into 
h)^n>gen (H,) and the radical sulphion (SO^) ; the latter combines 
with the water of solution present and reforms sulphuric acid (H^SO,), 
oxygen being liberated. The chemical equations for the above 
primary and secondarj' reactions are: 

2H,0 + 2H,SO,+ Electrical energy = 2H, + 2SO, + 2H.O 
2H, + 2SO, + 2H,0 = 2H, + 2H,SO, + O, 

The modern theory of electrolysis is based upon the existence 
of free ions in every electrolyte. For example, a metallic salt di^ 
solved In water is partially ionized; that is, a certain percentage U 
dissociated into the metal constituent and the other component part 
of the salt. These carry respectively positive and negative electrical 
charges, which are neutralized when the ions reach the negative 
and the positive plates of the batteiy. The various ions have definite 
velocities at which they travel or migrate through the electrolyte. 
The conductivity of electrolytes is entirely due to the presence of 
these ions, as the non-ionized portion does not conduct. 

In 1802, soon after the invention of the primary cell by Volta, 
Gautherot demonstrated the fact that platinum wires, after being 
used to eleetrolyze saline solutions, were' able to produce secondary 
currents. Volta, Eitter, Davy, and others noted similar effects, 
the phenomenon being what is commonly called polarization. In 
1859, Plants undertook a aeries of experiments with the object of 
studying and magnifying this effect, and finally developed the Plants 
type of storage battery. Many of the most successful types of storage 
batteries of tlie present day are based upon Plant^'s invention. 

Types of Storage Batteries: 

PlBnte; 

Fadre; 

Combination of Pluit6 and Fnurc; 

NoQ-leftd. 

PLANTE TYPES OF BATTERY 

T^e Plants cell was originally made by placing two plates of 
metalUc lead in a vessel containing dilute sulphuric acid. These 
plates were connected to an electric gcnenitor, and a current sent 
through the ceil, which decomposed the electrolyte and oxidized 
the positive plate. The cell was then discharged; but the energy 
gbtainedwas very small, since the action Was confined to the immediate 
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surface of the platea. By repeated charging and dischai^ing, first 
in one direction and then in the other, the oxidation penetrated 
deeper and deeper into both platea, thus increasing the storage 
capacity of the cell. 

The chief difficulty with the original Plants battery was the 
great length of time and consumption of energy required for forming 
the plates, which process, as just explained, consists in converting 
the surface of the plates into active materials, by repeated charing 
and discharging. Plants found that he could hasten this forming 
process by pickling the plates in dilute nitric acid, then washing 
them in a 10 per cent sulphuric acid solution, after which they were 
electrically formed. Other methods of facilitating the forming process, 
or increasing the active surface, are given later. 

In 18S1, Faure devised the method of pasting the lend oxide 
or active material directly upon the platea. This largely avoids 
the tedious forming prooesa; but the plates thus produced are not 
80 durable as the Plants elements, being more likely to disintegrate, 
because the paste is not an integral part of the plate. 

Qeneral Principles of the Storage Battery. Any primary battery 
will act as a storage battery provided its chemical action is reversible. 
The ordinary gravity cell, for example, may be regenerated by sending 
a current through it in the direction opposite to that produced by it. 
The zinc sulphate and the metallic copper are thus reconverted into 
metallic zinc and sulphate of copper respectively, the chemical action 
being 

ZnSO, + Cu + Electricity - Zn + CuSO,, 

which is exactly the reverse of the action in the primary cell. There 
are, however, practical difficulties in the continued recharging of a 
spent gravity cell, due to the ultimate mixture of the sulphate solu- 
tions so that the copper salt will reach the negative electrode, where 
it is deposited and sets up destructive local action. In some forms 
of primary cells, the chemical action liberates a gas that escapes, 
so that the action in these cases is obviously irreversible. 

Chemical Action in Lead Storage Batteries. The exact nature 
of the chemical changes which occur in lead batteries, is not yet fully 
established. Plants believed the charging action to consist in the 
formation of peroxide of lead (PbO,) on the positive plate, and 
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metattic lead on the negative, which were converted into lecd oxide 
(PbO) on both plates by the discharge. It was shown later by 
Gladstone and Tribe, and corroborated by subsequent investigations, 
that the formation of lead sulphate plays an important part. 
This reaction may be represented as follows : 

Positive Plate Electrolyte Negative Plate 
Charged Conditioo P1>0» + 2HiS0t + Pb 
Discharged " PbSOi + 2HiO + PbSOi 
Chaining Current \.\>. \ 

Discharging Current / yyy 

According to the above equations, the active material on both 
plates is converted into lead sulphate when the battery is discharged. 
The reasons for believing this to occur are: j?m(, chemical analysis 
shows that lead sulphate exists in the discharged plate; second, the 
density of the electrolyte decreases during the discbarge of the cell, 
corresponding to the consumption of sulphuric acid and the forma- 
tion of water, as shown in the above reactions; third, on thermo- 
chemical grounds, the combination of lead and oxygen as lead oxide 
(PbO) docs not evolve sufficient energy to account for the E. M. F. 
produced. 

Storage Batteries of the Plante Type. It was noted that the 
first difficulty met with in the making of Plants plates was the inordi- 
nate length of time and cost of current necessaiy to form them; and 
it was also shown how Plant! treated them with nitric acid to hasten 
this action. Other methods are used to facilitate the formation; 
these are tabulated as follows: 

1. Mechanical Action; Laminated platcR, mode up of lead ribboiu. 

The surface of the plate is grooved with some forming tool. Built 
up of lead wires, etc. 

2. Chemical; Treating the plates in some pickling bath, to produce 

initial oxidation. 

3. Electrolytic; Forming a plate of so mp compound of lead or an allo^, 

and either reducing the compound or eating the foreign matter 

away, leaving a porous lead plate. 
Gould Storage Battery. This battery is made by the Gould 
Storage Batteiy Company, of New York, and the plates are produced 
by a combination of the first and third metho<ls. The plates or 
blanks are placed in steel frames and given a reciprocating motion 
between two revolving shafts which cany grooving discs, giving the 
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plates a surface as shown in Fig. 1. No lead is removed by this 
process; but the surface is ploughed up. It is then subjected to 
electro-chemical treatment to form the active material. The tj-pes 
manufactured range in size from a cell of three plates 3 inches by 3 



FlE. 1. Gould Sloragfl-Blltery PlaW. 

inches, to one of 105 plates, each IS..') inches by 31 inches; and in 
capacity from 5 ampere-hours in tlie smallest size to 17,000 ampere- 
hours in the largest. 

Bijur "High-Duty" Battery. Batteries of this type are manufac- 
tured by the General Stonige Battery Company, of New York. 
They are made in standard sizes ranging from ampere-hours to 
12,688 ampere-hours, the smallest cell being made up of two plates, 
one positive and one negative, each 3 inches by 3 inches, suspended 
in a small glass jar. The largest type comprises (>7 plates, each 15J 
inches by 313 inches, suspended in a lead-lined tank. Some of the 
standard sizes manufacfuriHl are shown in Table I. 

Both positive and negative plates arc of the Plants type, and 
are of the same general design, Fig. 2. Each plate consists of the 
grid or supporting frame, made up of pure lead containing a small 
percentage of refinetl antimony, prrxlucing s rigid inoxidizable sup- 
porting and conducting meml>er for the ac-tive lead. In the openings 
of this rigid framework are weldeil gratings or ijrills of pure lead. 
Each grill consists of vertical strips supported by heavier horizontal 
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members which act as IrbeamB to atiffen it laterally, ftnd which, with 
the vertical rihg, form the oxide cells. The active material is formed 
from the grill expanding as it grows in each of the minute oxide cells, 
thus looking it- 




Plg. ■. BlJuT Hlgb Dut; BAtUFf PlAta, 

spacing of the strips accommodates the lateral expansion. The 
grills are therefore free to expand in every direction, thus avoiding 
the tendency to set up strains in the plates, which might cause them 
to buckle. 

In welding the grilb to the grid or frame, a heat process only is 
employed; no solder, flux, or foreign substance of any kind ia used. 
Since the grill is an open structure, grown from which is a very thin 
layer of active material, and as this active material does not entirely 
close the small oxide cell, the gases evolved at high rates of charge 
have ready means of escape. This results in lower E.M. F.'s required 
for charing, and the acid diffusion thus obtained also maintains the 
E. M. F. when discharging at excessive rates. 

With the closely adherent layers of active material in intimate 
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contact with the metallic lead, and the absence of concentration of 
the electrolyte in the pores of the active mass, due to the diffuaion, 
excessive sulphating does not occur. 

He loss of negative capacity, due to shrinkage of the active 
material into a metallic mass, b avoided in this particular plate, by a 
special treatment which the plates undergo. 

FAURE TYPES OF BATTERY 

TTie difficulty with this type is the tendency to disintegrate or 
buckle. Various means intended to increase the permanency of 
adhesion of the active material have been suggested, of which the 
most important are as follows: 

1. Piat«B are grooved, roughened, or piicketed. 

2. Plates arc entirely perforate'], the holea being circular, or rectangular, 
and varying in croBs-scction; some have a uniform section tlirough the grid 
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Fig. I. Dlderml Cross- Soc lions of Paore Plate FerCoriktloiis. 

(A, Fig. 3); others are contracted at the center (B); and again they have been 
expanded at the center of the grid (C). 

3. The active materials may be enclosed in cither a conducting or a 
□on-conducting cage. 

4. The plates may be made up entirely of active material. 

Faure cells usually have a greater weight efficiency than those of 
the Flant^ ^yp^y because the proportion of active material may be 
made greater. 

E. P. S. Battery. This is one of the most important of the 
Faure type, its name being the initials of the Electric Power Storage 
Company by which it is manufactured in England. It is sometimes 
called the "Faure-SellonA'olckmar" cell, being based upon the work 
of these and several other inventors. 

'I'he plates consist of lca<l grids cast in an iron mould, and have 
the cross-section shown in Fig. 4. The later types have a thin per- 
forated strip of lead running across each opening midway between the 
edges. The holes A in the grid are completely filled with a paste of 
red lead or minium {Pb^OJ and dilute sulphuric acid, for the pasitive; 



ibyGoogle 



II 



tyGoogle 



byGoogle 



STORAGE BATTERIES 9 

while the paste for the negative consists of minium, or lithai^ (PbO), 
and dilute sulphuric acid, or a magnesium sulphate solution. These 
pastes are pressed into the grids and dried. 



gy(-K:)r)ti 



Fig. 4. Section ot E. P. S. Battery Plate. 

The plates are hardened in dilute sulphuric acid, after which 
they are ready for forming. A strong current of 48 hours' duration 
is required for the positive plate, and twenty-four hours is required 
for the formation of the negative plate. To prevent short-circuiting 
after the cells are set up, the plates have glass rod separators placed 
between them. 

The E, P. S. batteries are ma<le in many liiffercnt^izes and forms, 
of which tlie L type is a good example, Ix-ing used extensively in 
isolated plants. Data of this type are given in Table II. 

TABLE II 
Data, E. P. S. Accumulator, L Type 
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One of the smaller types of the E. P. .S, battery is used exten- 
sively in England in electric vehicle work. 

Exide Battery. ITiis type' i.s manufactured by the Electric Stor- 
age Battery Company, of Philadelphia, Pa., chiefly for electric vehicle 
duty. The plates are of the Fuure tyix-, anil consist of lead-antimony 
grids (about 5 per cent antimony) pasted with oxides of lead. 
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10 STORAGE BATTERIES 

The grid for the positive plate is of the cage type, consisting of 
thin vertical ribs the edges of which are flush with the faces of the 
plate and connected by small bars of a triangular cross-section; tlie 
Imrs on one face are staggered with respect to those on the other 
side. This finished form is then pasted up with red lead {PbjOJ, 
and formed in the usual way; the thickness of the finished plate is 
about sV inch. From this description it is evident that the plate is 
made up in accordance with method 3 described on page 8, the 
enclosing cage being of conducting materia). Tlie active material 
is in the form of rectangular pencils ex- 
tending from the top of the plate to the 
bottom. The thin, flat ribs are on two 
sides of these pencils; and the triangular 
cross-pieoes are imbedded in the other 
two sides which constitute the faces of 
the plates. The Exide cell is shown in 
Fig. 5. 

The negative plate consists of a thin 
antimony-lead sheet, with a compara- 
tively heavy frame of cast lead. The 
bwly of the sheet is perforated at regular 
points, about half an inch apart. These 
perforations, being made by a tool which 
docs not remove the material, are not 
actual punchings; but arc simply holes 
torn in the plate, leaving the surrounding 
FiE. ,5. Exide Battory. material in ragged projections which 

curve back towards the sheet, forming, 
as it were, a series of hooks. These projections are formed on both 
sides of the plates. 

The grid is then pasted with litharge (PbO) on both faces; 
it is held to the plate by the "hooks," as well as being riveted by 
passing through the holes which the projections surround. The 
thickness of this finished plate is about ^V inch. 

When assembled, the plates are placed in rubber jars of dimen- 
sions shown in Table III, and separated from one another by wooden 
partitions. In addition, a perforated rubl>er sheet is place<l against 
the faci's of the positive plates. 
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Data, Exlde Ctdls* 










Type 


M. V. 


P. V. 


No. or Plates 




M : 13 


15 


ir 


IS 




7 


g 


,1 


Dihciiahor 4 Honns 


21 28 


as 48 


49 


M 


03 


■ 2 


18 


2t 


30 


8iiR or PLATm— 
Unglh (Inches)... 


5« isame 


same same 


same 


same 


«ame 


.li 


same 


same 


same 


Height (inches)... 


8M >ame 


sam<: same 


same 


same 


same 


m same 


same 


same 


OUTSIDK MeABUBKS 

''wiUch (inches).... 


2A 


3K 


4K i 4ii 


BA 


8[i 


TA 


lU 


ift 


3K 


4K 


Lei^Bth (iDchee) .. 


Bill 


s&me 


same same 


same 


same 


same 


B,V 


same 


same 


same 


HelKht (inches)... 


IIH 


aame 




'tame 




same 


11» 


same 




same 


Weidht (Ibe.)— 








an 




«W 




lau 






Electrolyte 


SK 


3!J 


4K 6)i 




8 


m 


■» 


«K 


8 


*« 


Complete cell. 


19J4 


35M 


31 Si aSM 


ua 


N> 


K. 


ll» 


-.« 


»1M 


MM 



•Note.— For data on the " Kxuress Type " or Bxldecell, see literature oE the Electric 
Storage llalterj' Coiapa.ny, Philadelphia, Pa. 

The brougham or hansom battery of this type of cells consists 
of 44 cells of 'r\'-9 size, havinf; four positive and five negative plates. 
The weight of this outfit complete with tray is about 1,659 pounds; 
the capacity, 156 ampere-hours (4 hour, 39 ampere rate) ; the average 
voltage during discharge, about 1.98 volts per cell, or S7 volts for 44 
in series; the total watt-hour output being therefore 13,r)72, or 8.18 
per pound of battery complete including trays. 

COMBINATIONS OF PLANTE AND FAURE TYPES 

Chloride Battery. In the form which was manufactured until 
recently by tlie Electric Storage Battery Company and allied com- 
panies in England, France, and Germany, the Chloride Battery is a 
compromise between the Plants and Faiire types, the positive being 
a Plants type and the negative of practically the Faurc type. 

The principal features in the manufacture of this battery are 
ns follows: The first step is the production of finely divided lead, 
which is made by directing a blast of air against a stream of the 
molten metal, producing a spray of lead which, upon cooling, falls 
as a powder. This powder is di.ssolved in nitric acid (HNO,) and 
precipitated as lead chloride (PbCIJ on the addition of hytlro- 
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STORAGE BATTERIES 13 

chloric acid (HCI). This chloride, washed and dried, forms the 
basis o! the material which afterwards becomes active in the negative 
plate. '^The lead chloride is mixed with zinc chloride and melted 
in crucibk-s, then cast into small pastiles or tablets about J inch 
square and of the thickness of the negative plate, which, accord- 
ing to the size of the battery, varies from } inch to ^g inch. 
These tablets are then put in moulds and held in place by recesses, 
so that they clear each other by .2 inch and are at the same distance 
from the edges of the mould. Molten antimonious lead is then 
forced into the mould under about 75 pounds pressure, completely 
Blling the space between the tablets. The result is a solid lead grid, 
holding small squares of active material. The lead chloride is then 
reduced by stacking the plates in a tank containing a dilute solution 
of zinc chloride, slabs of zinc being alternated with them. TTiis 
assemblage of plates constitutes a short-circuited cell, the lead 
chloride being reduced to metallic lead. The plates are then 
thoroughly washed to remove all traces of zinc chloride. 

In the new form of negative plate which has replaced the chloride 
type Just discussed, the negative consists of a pocketed grid, the 
openings being filled with a lithai^ paste; it is then covered with 
perforated lead sheets, which are cast integral with the grid. 

The positive plate is a firm grid, composed of lead, alloyed with 
about 5 per cent of antimony, about j\ inch thick, with circular 
holes 3 J inch in diameter, staggered so that the nearest points 
are .2 inch apart. Corrugated lead ribbons -fV inch wide are then 
rolled up into close spirals |f inch in diameter, which are forced 
into (he circular holes of the plate. These spirals are electro- 
chemically formed into active material. The process requires about 
thirty hours; at the same time, the spirals expand so that they 
tend to fit still more closely in the grids. This form of positive 
is that known as the Manchester Plate. 

Recent types of "Chloride accumulator" are shown in Fig. 6. 
In setting up the cells, the plates are separated fjom one another 
by thin wood partitions having vertical grooves to facilitate the 
rising of the gases. These separators are stiffened by split wooden 
pins slipped over them. Sometimes glass tubes arc used as separators. 

Table rV ^ves data of the various types and sizes of cells. To 
save space, only the smallest and largest sizes of each type are given; 
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but in all cases intermediate sizes are made with every odd number 
of plates. The capacities, weights, etc., are of course nearly pro- 
portional to the number of plates. 

The smaller sizes are provided .with either rubber or glass jars, 
and the larger ones, from F up, with lead-lined tanks. 

Tudor Cell. 'fTiia type is very extensively used in Europe, and 
to some extent in this country, although it is no longer manufactured 
here, Tlie American patent rights are controlled by the Electric 
Storage Battery Company. 

The plates con- 
sist of rolled, grooved 
sheets as shown in 
Fig. 7, A being the 
hollows or grooves in to 
which the paste is set, 
and B the lead frame. 
The thickness of the 
plate between oppo- 
site grooves is about 
.12 inch for the posi- 
tive and about .06 inch 
for the negative. The 

width of grooves on ^'«- '■ Tb« Tudor Battery PI^w. 

the positive plate is also about .12 inch, while on the negative it is 
about .08 inch. The grooves are first coated with a thin layer of 
peroxide of lead (PbO,) by electrolysis, and then packed with the 
oxides as required; the plates are then rolled to fu: the paste. This 
treatment of the grid with an electrolytic bath before applying the 
active matmal, is covered by United States patent No. 413,112. 

TABLE V 
Tudor CdlB 




Tt™ 


^s;-.;sf 


(In amperes) 


n- 


renilinaM 


3eli.> 


w"a*HT 




Amp.-HouTH 
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Width 


Height 


KRniB. 


V 
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26 
91 
270 
630 


6 
21 
64 
126 


8 
28 
72 
168 


12 
74 


21 
21 
42 
42 


35 

m 

55 
66 


10 
30 

no 

230 



IB alzra given In tttla table, all tl 
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Lithanode. Mr. Desmond Fitzgerald has made storage bat- 
teries with a positive plate consisting entirely of active materials 
made up of litharge (PbO) mixed with ammonium sulphate (NHj)j 
S0( which he pressed into the required shapes. This plate is con- 
verted into peroxide by chemical treatment. The negative consists 
of the onlioary lea<] plate, ^^^lile this cell has an exceedingly high 
weight efficiency, it is not of much commercial importance, thou^ 
used considerably in laboratory woric. 

It is the tendency in Europe to make the positive plate of the 
Plants form, and the negative of the Faure or pasted type. The 
reason for this is that the Planti^ form is hard to make; and as the 
activity is small on the negative, the pasted plate is good enough. 

The practice in lead batteries is to make the negative plate 
of greater capacity tlian the positive, as the charging and discharg- 
ing of a cell in service tends to produce or form more active material 
on the positive plate, whereas the negative plate is made to decrease, 
so that allowance for this is made as above stated. A still further 
allowance is made to cover this action, by always having one more 
negative than positive plate in a cell. 

Storage Batteries Containing Metals Oth^ than Lead. It has 
already been stated that almost any primary cell will act more or 
less as a secondary cell; as, for example, the common gravity Imttery. 
A great many have iMjen devised in which the lead in one or botli of 
the plates has Ixt-n replaced by some other metal. For example, 
Ileynier made the negative plate of zinc instead of lead, this zinc 
in di.wharging being converted into zinc sulphate, which di.ssolved 
in the eleclnilytc. The substitution of zinc for lead secures an 
increa-w in initial E. M, F, from 2.2 to 21* volts, and also allows of a 
considenililc reduction in weight, since for the storage of a given 
amount of energy the weight of the zinc required is much less than 
that of the ef|uivaient lead. A difficulty with this type of cell is the 
formation of trees of zinc on the negative plate during the charging 
process, which are likely to fail off or extend across to the positive 
plate, thus short-circuiting the cell. 

Another difficulty is the difference in density of the solution 
between the top and bottom of the plates, the tendency being to 
exhaust the zinc sulphate from the upper portion of the liquid dur- 
ing charging. In order to avoid this trouble, the plates have been 
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arranged horizontally, so that the density would be uniform for each 
plate; but the difficulty then arises that the gases which form to a 
certain extent in almost all batteries collect between the plates and 
interfere with the chemical action and the passage of the current, 

A similar type of cell has been manufactured by the Union Elec- 
tric Company of New York, in which the negative plates consist of 
thin sheet copper covered with an amalgam of zinc, and the positive 
plates are made up of lamime of lead held together by leaden rivets 
and perforated with numerous small holes, these positives being 
formal by the Plantt? process. 

Waddell-Entz Accumulator. The copper alkali-zinc primary 
batterj' of Lalande, Chaperon an«l Edison being reversible in action, 
can he u.so<l as a 
storage battery. 
Waddelland Entz 
have constructed 
accumulators on 
diis principle. 
Wien discharged, 
the positive plate 
consists of porous 
copper; on charg- 
ing.the electrolyte 
is decomposed, 
metaUic zinc Itc- 
ing deposited on 
the negative plate; 
the porous copper 
of the positive 
plate is oxidized, 
and the liquid be- 
comes converted 
into a solution of 
caustic potash (po- 
tassium hydrate). ^'B- ^ Plales and Receptacles or the Edison Cell. 

This storage battery was formerly used with considerable success 
for traction purposes; lint its E. M. F. is so low, being only aliout 
,7 volt, that it would require 170-lSO cells for the ordinary 110-volt 
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electric-lighting circuit, allowing for loss of potential in the battery 
and conductors. This number is three times as great &3 is required 
with the lead battery. This is a serious objection to this or any 
other low-voltage cell. 

Edison Storage Battery. TTie standard cells of this type are 
13 inches high, 5.1 inches wide, and vary in length according to their 
rating, the various capacities being obtained by simply increasing 
the number of plates. The positive and negative plates are alike 
in appearance, and consist of rectangular grids, of nickel-plated 
iron, each about 9J by 5 inches by .025 inch, punched with three 
rows of rectangular holes, eight holes to the row {Fig. 8), each hole 
being filled by a shallow perforated box of nickel-plated steel, the 
perforations being very fine, about 2,500 per square inch. 

The difference between the positive and negative plates is 
entirely in the contents of the perforated receptacles; those for the 
positive plate containing a mixture of oxide of nickel and pulverized 
carbon, the latter being employed to increase 
the conductivity of the active material. The 
compartments of the negative plates contain 
a finely divided oxide of iron and pulverized 
carbon. When filled, these receptacles are 
secured to the grid by placing them in the 
openings of the same, and subjecting the 
assembled plate to a pressure of about 100 
tons, which expands the pockets and fixes 
them firmly in the grid. A set of assembled 
plates as employed in a complete battery, 
is shown in Fig. 9. 

The electrolyte consists of a 20 percent 
solution of caustic potash, which, however, 
undergoes no chemical change during the 
process of chaise or discharge, acting simply 
as a conveyor of oxygen between the plates. 
The charging current, entering at the posi- 
compiewEdiBODCeii. t'^e plates, oxidizes the nickel compound to 
the peroxide state, and reduces the iron 
eom(K)un(l in the negative plates to a spongy iron mass.. The con- 
taining vessel consists of nickel-plated steel; and the plates are 
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strong individually and close together, being separated by thin 
strips of vulcanized rubber, thus forming a compact "mass. The 
terminals of the plate pass through the cover of the cell, from which 
they are insulated by vulcanized rubber bushings, 

The electrical features of the Edison cell are as follows: 

Average voltaise of charge at normal rate, 1,08, 

Average voltage of discharge at normal rate, 1.24. 

A set of charge and discharge cunes of a ISO-ampcre-hour cell 
is shown in Fig. 10, This battery is rated at 30 amperes for a period 
of six hours. The various cells have a weight efficiency of 11.5 to 
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Fig, 10. Charge and Discharge Carves of Edison Cell. 

13.2 watt-hours per pound, depending upon the size. The watt 
efficiency under normal working conditions is about 60 per cent. 
The charging and discharging rates are alike, and cover wide ranges. 
A cell may be chained at a high rate in one hour, without apparent 
detriment except lowering the efficiency slightly. It is not appreciably 
influenced by temperature changes, and may be fully <iisehai^ed to 
the zero-point of E. M. F., or even charged in the reverse <iirection, 
and then recharged to normal conditions, without suffering loss in 
storage capacity or other injury. The l>est results are obtained when 
twice as many positive as negative plates are employed; ami the 
standard cells are made up on this basis. This type is intended 
especially for electric automobile service, by virtue of its high weight 
efficiency and its ability to endure rough mechanical as well as electri- 
cal treatment. The same qualities wouUl iilso ailapt it to p!)rtable 
electric-lighting purposes. 
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MANAGEMENT OF STORAGE BATTERIES 

In describing the handling of storage batteries, the various 
types of lead cells will be considered, as they constitute a very large 
majority of the cells in commercial use. 

Battery Room. In the installation of a battery, the first point 
to be considered is its location. The room for this purpose should 
be dry, well ventilated, and of a moderate temperature; otherwise, 
not only will the evaporation of the electrolyte be excessive, but if 
the temperature be very high, the plates themselves will be affected 
and their life shortened. The floor, walls, and ceiling must be of 
some acid-proof material, brick or tile Ix-ing preferable, and the (loot 
so made as to drain readily, an outlet being provided to the drainage 
system. If the room should be an old one, and have a wooden floor, 
the floor should be coated with asphaltum paint, and lead trays placed 
below the batteries; any woodwork or ironwork in the room should 
be likewise treated. 

The room should be scaled from the rest of the building, and 
located near the generating machinery and distribution switch- 
Ixtard, so that the copper cables may be low in cost. The windows 
in the battery room should be of either ground or painted glass, 
so that no direct rays of the sun may strike the cells, as the heat 
might crack the cells (glas-s) or increase the activity of the acid, 
which is not desirable. 

In case the battery installation is in a cold climate, some device 
for keeping the electn)lyte at a moderate temperature must be used. 

Setting Up the 
Cells. The battery 
in usually placed on 
the floor, or upon 
strong wooden shel- 
' Fig. 11. Gla?a Insulator tor Battery Support. ^^^> ^'g- ^1 shows 

a form (made of 
g!a,ss or porcelain) adapted to cells of medium size. Iron stands 
are sometimes used for large and heavy cells, but they must be pro- 
tected from acid fumes and drip by several coats of an acid-proof 
paint. Wooden stands should be varnished, painted, or soaked in 
paraffin for the same reason. It b important to have every celt 
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accessible for inspection, cleaning, and removal, it being desirable 
to reach both sides of the cell. There should also Ix^ sufficient head- 
n>om between shelves so that the elements may be lifted out. 

It is highly important that the cells be thoroughly insulated 
from one another, to avoid leakage of current. Tliis is accomplished 
by standing each cell on four insulators of porcelain or glass of the 
design shown in Fig. 11, Glass is now almost universally employed 
because porcelain is frequently found to deteriorate gradually as a 
result of the action of the acid fumes. 

Lead-lined tanks for 500-volt installations are usually set as 
follows: The floor is covered with a layer of glazed tile or brick; 
on this are placed two wooden strjngers about 3 by 4 inches, carefully 
painted with asphaltum varnish or some acid-proof paint. Under 
each tank are set four or more insulators held in place by wooden 
pegs which are kept in position by pouring melted sulphur around 
them. Sometimes the insulators have short, threaded projections 
on the top, which are screwed into the bottoms of the tanks. On top 
of these are placed the battery tray an<l battery as indicated in Fig. 1 1 . 

In the case of 12.^-volt installations, the insulators are sometimes 
set directly on the tile flooring, which has been Jevelcd by running 
molten sulphur under the tiling. 

Oil insulators were at first used; but oil collects and holds dust, 
and, as dust is likely to cause Icakaj?^, they are no longer employed. 
For very large lead tank outfits, a double system of the ,supjx)rting 
construction shown in Fig. 12 is used, but with individual stringers 
for each cell. 

Glass cells are often set on wooden trays, which are filled with 
sand to distribute the strains and absorb the drip. Sawdust was 
formerlyalso used; but it becomes carI)onized by the acid drip, and, as 
this is likely to cause leakage, it has been abandoned. 

In connecting the cells, which are usually put in series, great care 
should be taken to join the positive terminal of one cell to the negative 
of the next, a'nd so on. The color of the plate is the best indication 
of its polarity, the positive plate being a light brown when discharged 
and a chocolate color when charged, while the negative varies from 
a light to a dark slate color. 

It may be noted at this point, that the nomenclature concerning 
storage batteries is different fnim that of prunary cells. The positive 
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plate in the fonner is the peioxide plate (brown), and is that one from 
which the current Sows out in dischai^ng; whereas that would be 
the negative plate of a primary batteiy. 

The positive pole or terminal in a storage battery is an extension 
of the positive plate, and is connected to the positive terminal of 
the dynamo in charging; consequently there ia much less, cause for 
confusion of terms than there is in the primary cell. 

It is well to test the polarity of each cell and of the circuit, 
before making connections. This may be done with any form of 
pole-tester, or by the positive expedient of dipping the two terminals 
in dilute sulphuric acid, the one from which the most bubbles arise 
being negative. The connections should be scraped clean and 
screwed up very tight, then coated with acid-proof paint to avoid 
corrosion. The most satisfactory way to connect up a cell is to 
weld or bum the positive terminal to the negative terminal of the 
next cell, though soldered connections are good. 

This soldering is done as follows: Two strips of leatl and the 
terminals to be connected are very carefully cleansed; the lead strips 
are then clamped to the terminals, a mould placed around the joints, 
and molten lead poured into it. 

The Electrolyte. Practice varies considerably as to the strength 
of solution to use. Chemically pure sulphuric acid is poured into 
water until its density becomes about t.2, and then the mixture is 
allowed to cool before pouring it into the cells. Thfc electrolyte 
should comptefely cover the plates. Cells for vehicle work use an 
electrolyte with density as high as 1.3. It is important to use per- 
fectly pure acid and water, as impurities will cause local actions and 
ultimately destroy the plates. 

It is well to remember that w(UeT should never be poured inioavl- 
pkuric acid, as it is likely to cause the liquid to be thrown out violently. 

The advantage of a strong solution is its lower resistance; but 
it is likely to produce the very objectionable effect of sulphaiing. 

The density of the electrolyte falls immediately after filling a 
cell, since some of the acid is taken up by the plates; but it rises 
again in charging — for example, from 1.17 to 1,2. It is convenient 
to keep a hydrometer in several cells to observe the density of the 
electrolyte, not only at the beginning, but as a pemianent indicator 
of the amount of charge and general working conditions. 
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The hydrometer is an instrument for determining tlie sperific 
gravity of a liquid, and consists of a weighted bulb and an u^iriglit 
^ass rod, bearing a scale, the unit point being fbcc<l by the distance 
to which it sinks in pure water at 4*^. Readings 
above this point are for solution:^ of lower specific 
gravity than water, and those Ix-low it are for solu- 
tions of a higher specific gravity. For storage bat- 
tery work, the specific gravity of the electrolyte is 
always between 1,! and 1,3; hence we rcxjuirc only 
a certain portion of the scale as represented in 
Fig. 13. 

Charging, ITie charging should begin immedi- 
ately after a new cell is filled with the eli-ctrolyte; 
otherwise the plates are likely to become sulpliated. 
The first charge differs from subsequent regular 
charges in that it should be at a rate (lower than 
normal) that will not cause the temperature of the 
cell to reach 100°F.; but in all other respects it is 
the same. 

Indications of Amount of Charge in a Storage 
Battery. There are various methods of ascertaining 
the amount of charge in a storage l)attery. The 
following are the indications that will ser\'e the 
purpose: 

1. The E. M. F. rises from 2.1 votts, at the 
V 1 beginning of the charging of a lead cell, after it has 

y V been discharged, to approximately 2.5 volts when 

I 1 fully charged, although this value may be matle a 

^ ' trifle higher or lower, depending upon the rate of 

Fig. 1!. charge and temperature of cell. The rise is quite 

Hyaromewr. " ' , ■ ■ , , 

gradual, but more rapid near the begmnmg and end 

of the charge, as indicated in Fig. 14. \Mien the cell is fully chaipid, 
the E. M. F, becomes constant, and the curve approaches a hori- 
zontal line as shown. The charging should then be stopped, as any 
more energy passed through the cell is simply waste<i in producing 
gases. The external voltage is higher in charging than in discharg- 
ing, because of the interna! resistance of the cell and resulting IR 
drop, which must be overcome in charging. 
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The measurements of voltage should always be made when 
the current is flowing either in charging or discharging. 

The E. M. F. on open circuit has little practical significance, 
since a ceil, no matter how low it may have l)een discharged, will 
show about 2.1 volts after standing on open circuit a short while. 

2. If a rrcord is kept of the exaet numlxr of ampere-hours 
of chai^ and discharge, the actual amount of energy in the battery 
at any time is known, due allowance being made for leakage and 
other losses. For this purpose any integrating instpument, suchas 
the Thompson recording wattmeter, may be used, 

3. The density of the eleclrolyte gradually rises during the 
charging operation (Fig. 14), the density when charge<l being about 
.025 higher than when discliarged. There is a lag in the change 
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of the density of the electrolyte, the acid not being absorbed or 
given off at once by the plates; hence a little time should be allowed 
before taking any hydrometer reading as final. It is also advisable 
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to a^tatc the electrotyte to insure complete diffusion, as the elec- 
trolyte at the bottom of the cell is otherwise denser than at the top. 

4. Bvbbles of gaa are given off freely when the battery is fully 
chai^i, since the material of the plates is then no longer able to 
take up the oxygen and hydrogen which tend to l)e set free by the 
electrolysis; these bubbles give the electrolyte the appearance of 
lK)iling, and often they are so fine that the liquid looks almost milky 
white, particularly in a cell which has not been very long in use. 

5. The color of ike positive plates varies from a light brown on 
active parts to a chocolate color when fully charged, and to nearly 
l>iack when overcharged. The negatives vary from pale to dark 
slate color, but they always differ in color from the positives. This 
indication of the amount of charge is acquired by experience, but is 
quite definite after one becomes familiar Vith a particular battery. 

6. Cadmium Test. The afiparatus 
for making this test consists of a small 
piece of cadmium, say f by J by 3'j inch, 
contained in a perforated hard rubber 
casing (shown in Fig. 15), the rubber cov- 
ering being employed to prevent short- 
circuiting of the ceil during the test (see 
Fig. 15). A rubber sleeve contains the 
conducting wire, wax being used to pro- 
tect the soldered joint of copper and 
cadmium. Cadmium is used because it 
will give reliable readings of the E, M. F. 
of the positive and the negative plates, 
with respect to itself. In this way a 
relative condition of the battery and also 
of each plate can be determined. 

With normal conditions of cell, when 
CASING fully charged and in open circuit, the dif- 
ference of potential between the positive 
JM PIECE *nd the cadmium piece immersed in the 
Fig. IS. Cadmium Test-Piece, [jquid is 2.5 volts or ncaHy so, and 
between the cadmium and the negative plates is zero or nearly so. 
In fact it is sufficient if the sum of the readings is about 2.5 volts. 

To avoid false conclusions in making a cadmium test, hydrom- 
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eter, temperature, and char^ data should be noted. The cadmium 
test is usually made by inserting the tester at the center of the cell to 
get a uniform current distribution. This test gives readings the 
sum of which is less than 2.50 volts, when hydrometer tests, tempera- 
ture, and ohai^ data show that the cell is not fully charged. If 
the hydrometer, temperature, and other data show the charge to be 
completed, and the cadmium test gives .1 volt or more below 2,5 
volts, one or more plates are defective and may be found by indi- 
vidual cadmium readings. For example, suppose we have a cell in 
which oil the other conditions tend to show full charge, but the 
potential difference is low. A cadmium test is made; and the set of 
plates which shows the falling off from normal reading is the defect- 
ive one, and should be examined for some of the troubles that will be 
discussed later. 

In some cases the cadmium reading with respect to both posi- 
tive and negative plates may approach zero; this is caused by a short 
circuit in the cell, which should be found and removed immediately. 

In practice it is advisable to have the cadmium wet before the 
test is made, as the readings increase when cadmium is first placed in 
the electrolyte. The simplest way to accomplish this is to keep the 
cadmium tester in a beaker of distilled water when not in use. All 
foreign matter should be carefully removed from the cadmium, as 
it might affect the results. If gas bubbles collect on the cadmium, 
they should be taken off, as they tend to lower the readings. 

The proper rale of charge depends upon the size and type of 
cell, and is usually specified by the manufacturer in each case, since 
it is merely an empirical fact, being determined by the construction 
of the plates. 

The current for charging is ordinarily obtained from a direct- 
current dynamo, but any other direct-current source may be em- 
ployed. The potential required for chaining must exceed that of 
the battery, which, during the operation, acts as a counter-E. M. F., 

the expression being / = — =— , in which / is the current, P the 

potential applied to battery terminals, e the counter-E. M. F., and 
R the internal resistance of the cell. Usually P is 5 to 10 per cent 
greater than e, in order to cause the necessary charging current 
to flow through the resistance R of the cell. 
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In praclice, P Ls regulated until tlie required charging current 
/ ia obtained. 

P—e 
I ' 

internal resistance it to be calculated; but, as this varies consider- 
ably witli the temperature and with different states of charge, its 
exact value is not often considered. 

Another form of the above equation, e = P — IR, shows that 
the- true E, M. F, of the battery is less than the charging voltage 
by an amount equal to the product of the charging current and the 
internal resistance. Conversely, in discharging, the total E. M. F. of 
cell is greater than the difference of potential P between its terminals, 
by the same amount; that is, e = P — IR. Hence it is necessary to 
know 7 and R, in order to find the real E. M. F. of ceil. Thb appliea 
to each individual cell, as well as to the entire battery, and is impor- 
tant in determining the amount of charge or working condition of 
a particular ceil. 

If the charging voltage P be kept constant, it is evident from 
the above equations that the current 7 -will gradually decrease, 
since the C. E. M. F. or e of the cell steadily rises as shown in Fig. 
Ifi. This effect is counteracted somewhat by the fact that the intei^ 
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Fig. 1& Curve Sbowlag Increase or E. M. F. tn a Charging Cell. 

nal resistance R also <limini5hes, owing to the density of the electrolyte 
increasing. This gradual reduction in the strength of the charging 
current is considered desirable by some authorities, since it enables 
the cell to take a greater ehai^ than if the current were maintained 



ibyGoogle 



STOEAGE BATTERIES 29 

at full strength. On the other hand, thb diminishing charge makes 
it difficult to keep account of the exact number of ampere-hours 
supplied to the cell; hence, in ordinary commercial work, it is con- 
sidered simpler to charge with a constant current, and if it is desired 
to keep the cell temperature down, the current b decreased near the 
end of the chaise. The charging operation may be continued until 
the battery is fully charged as shown by the indications already 
stated. Since most types of cells are not injured by a slight over- 
charging at a moderate rate, it may even be carried a little beyond 
the charged point, as'it tends to remove sulphating. A considerable 
overcharge should be avoided, as it causes excessive formation of gas 
bubbles in the active materials and is likely to heat the cell and even 
to cause disintegration and buckling of the plates. 

Discharging. A storage battery is in most cases dischai^ 
within a few hours after being chaif;ed, as, for example, in electric 
lighting, when the engine and dynamo are run during the day for 
charging the battery which supplies current to the lamps during 
the night. But a portable battery for feeding lamps or a vehicle 
battery might be required to retain its chai^ for several days. The 
loss of charge in any battery standing on open circuit is about 25 
per cent in one week, but for one day or less it is quite small. 

Even when the discharge occurs immediately, the average 
voltage and the ampere-hours obtained are less than for the charge, 
as explained under "Efficiency." The loss referred to is additional, 
depending upon the time. 

The operation of discharging is naturally the converse of charg- 
ing, the changes which have been described as occurring in the latter 
take place also in the former, but in the reverse order. The normal 
rate of discharging is usually equal to that of charging, but may be 
somewhat greater. In some cases it is necessary to discharge at 
higher rates; but, by so doing, a percentage of the capacity in ampere- 
hours is sacrificed. 

For example, a cell whose normal or eight-hour discharge rate 
is 100 amperes, can easily be discharged at 400 amperes for one hour, 
but only 50 per cent of the cell's capacity in ampere'-hours is obtained 
at the latter rate. Under these latter conditions, there is not a large 
loss of enei^, as is shown by the fact that to recharge a cell thus 
discharged requires only about 50 per cent of the normal chai^. 



ibyGoogle 



STORAGE BATTERIES 



TABLE VI 
PercenUgre of Capacity Variation at Different DUchance Rates 
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An excessive discharge rate is injurious to most types of storage- 
battfry plates, since it tends to disintegrate tiie plates, and abnor- 
mally heats the electrolyte, which hastens the disintegration. It is 
therefore advisable to protect the battery with fuses or a circuit- 
breaker. 

A storage battery should never be discharged compUlely, as it 
is very likely to K-eome sidphated or otherwise injured; and more- 
over the voltage falb so rapidly towards the end of discharge that 
the current would be of no practical value. The limit of discharge 
is usually considered to be the point at which the voltage drops to 
1.75, though when cells are used at the one-hour rate the limit of 
discharge is l.G volts. 

A battery should never be allowed to stand in a discharged 
condition, but should be recharged immediately. 

The charge usually left ia a storage battery is from 10 to 30 
per cent of the total capacity, depending on the rate of discharge; 
but this involves no considerable loss of energy or efficiency, since 
it remains in the battery each time, and the charging begins at that 
point. 

Efficiency of Storage Batteries. The efficiency of any apparatus 
is the ratio between output and input. In a storage battery it is the 
ratio of the amount of discharge to what is n^juired to bring the 
battery back to its original condition after a discharge. 
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The amj>a-e efficiency — or, more properly, the ampere-hour 
efficiency — which b the ratio of current in ampere-hours drawn from 
the battery to current in ampere-hours put into the battery, b quite 
different from the watt-hour efficiency. TTie latter is the real efficiency 
since it considers the energy, and includes the voltage as well as the 
ampere-hours. The former may be used either through ignorance 
or intention to give a false idea, since the ampere efficiency is often 
15 per cent higher than the watt efficiency. 

Another difficulty is the fact that it is possible to obtain an' 
apparent efficiency of over 100 per cent ffom a storage battery. 
Since a certain amount (about 25 per cent) of chai^ la always left 
in the cell, it is possible to draw more ampere-hours than were put in 
during the last charge, by simply discharging the cell more than usual. 

This matter has been investigated by Ayrton, who says: 

"If an E. P. S. accuiDulator be over and over again carried around tiie 
cycle of being charged up to 2.4 volte, and discharged down to 1.8 per cell, 
the charging and discharging currents being the maximum allowed by the 
makers — namely, .026 ampere per Bquare inch of aurface in charging, and .029 
ampere per square inch in discharging — the working efficiency thus obtained 
may be 97 per cent for the ampere-hours, and 87 per cent for the watt-hours. 
If, on the contrary, the cell be constantly charged up before being tested, then 
for the first few charges and discharges between the above limits, and with the 
same current density in charging and discharging, even the energy efficiency 
may be aa high as S3 per cent; whereas, if the accumulator has been left for 
some weeks, then, although it was left charged, the energy efficiency for the 
first few charges and discharges will be as low as 70 per cent." 

In general practice it has been found that the watt-hour 
efficiency of storage-battery plants, when in good condition, varies 
from 75 to 80 per cent. For instance, referring to the battery plant 
at the Edison .Electric Company station in Boston, a series of tests 
made there show the battery installation to have an efficiency of 
75 per cent. 

Depreciation of Accumulators. The depreciation is claimed 
to be as low as 4 or 5 per cent per annum; but 7 per cent is a safer 
allowance to cover depreciation and renewals extending over long 
periods of time. During the first few years the depreciation may be 
practically nothing; but after five or ten years it will be considerable. 
These statements apply to stationary batteries in central stations or 
isolated plants. For traction or autoinol>ilc service', which is much 
more severe, the life of storage batteries in some instances has not 
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exceeded six months; and 8,000 to 5,000 miles total run is considered 
a good result in actual practice. For either stationary or vehicle 
storage batteries, the life of the po3itive plates is only half as great 
as that of the negatives. The figures given are based upon an average 
of the two. 

It has been the practice of several storage battery manufacturers 
to insure their stationary battery equipments for 6 per cent per 
annum of their first total cost. This insurance is a maintenance 
ctintract calling for inspection and any repaics necessitated through 
normal use of cells. 

TROUU.es ANB REMEDIES 

The most serious troubles which occur in storage batteries are 
aidfikailng, buckling, disinteffrating, and ahort-circuiiing of the plates. 
These can usually be avoided, or cured by proper treatment if they 
have not gone too far. 

Sulphating. The normal chemical reaction which takes place 
in storage batteries is supposed to produce lead sulphate (PbSO,) 
on both plates when they are discharged, their color being usually 
brown and gray, as already stated. But under certain circumstances 
a whitish scale forms on the plates, probably consisting of Pb, SO,. 
Plates thus coated are said to be aulpkated. This term is therefore 
somewhat ambiguous, since the formation of a certain proportion of 
ordinary lead sulphate (PbSOj) is perfectly legitimate; but the woni 
has acquired a special significance in this connection. 

A plate is inactive, and practically incapable of being charged, 
when it is covered with this white coating or sulphate, which is a 
non-conductor. 

The conditions under which this objectionable sulphating is 
lijtely to occur are as follows: 

(a) A storage battery may bo ovcrdiaeh urged — that is, run below tho 
limits of voltage siiecified^aiid Iftt iti that condition for Mcvcral hours. 

(Ii) A storage battery may lie ioft discharged for aame time, even thousb 
those limits have not been pxcii'di'd. 

(c) The electrolyte may be too strong. 

(rf) The electrolyte may lie too hot (above 125° F,). 

(e) A short circuit may cause sulphating, berauHe the cell becomes dis- 
chargprt (on o|)en circuit), and, when charging, it receives only a low charge 
compared with the other cells of the series. A battery may become overdis- 
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charged or remain discharged a long time, on account of leakage of current due 
to defective insulation of the cells or circuit; or the plates may become short- 
circuited by particles of the active material or foreign substances failing between 

Sulphating may be removed by carefully scraping the plates. 
The faulty cells should then be charged at a low rate (about one- 
half normal) for a long period. In this way, by fully chai^ng and 
only partially discharging the cells for a numbw of times, the un- 
healthy sulphate is gradually eliminated. WTien the cells arc only 
slightly sulphated, the latter treatment is sufficient without scraping; 
when the cells are very badly sulphated, the charge should be at 
about one-quarter the normal rate for three days. 

Adding to the electrolyte a small quantity of sodium sulphate, 
or carbonate, which latter is immediately converted into sodium 
sulphate, tends to hasten the cure of sulphated plates by decora- 
posing or dissolving the unhealthy sulphate. This is not often used 
in practice, as a cell must be emptied and thoroughly washed, and 
fresh electrolyte added after the plates have been restored to their 
proper condition, before the cell can be used to advantage. 

Sulphating not only reduces the capacity of lead storage bat- 
teries, but also uses up the active material by forming a scale which 
falls off or has to be removed. It also produces the following troubles: 

Buckling. Buckling orwarpjng of a plate, is caused by uneven 
action on the two surfaces; for example, a patch of white sulphate on 
one side of a plate will prevent the action from taking place there, 
so that the expansion and contraction of the active material on the 
other side, which occurs in normal working, will cause the plate 
to buckle. This might be so serious that it would be impossible 
to straighten the plate without breaking or cracking it; but, if taken 
in time, this may be accomplished by placing the warped plate 
between boards, and subjecting it to pressure in a screw or lever 
press. Striking the phite is objectionable, because it cracks or 
loosens the active material; but, if it should be necessary to straighten 
a plate in this way, a wooden mallet should be used very carefully, 
with flat boards laid under and over the plate. Buckling may l>e 
caused by an excessive rate of charging or discharging, as well as by 
sulphating. 

Disintegration. Some of the material may lxx:ome loosened 
or entirely separated from the plates, as a result of various causes. 
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Thf chief of these is sulphating, which forms scales or blisters that 
arc likely to fall off, thus gradually reducing the amount of active 
material and the capacity of the cell. Buckling also tends to dis- 
integrate the plates. Contraction and expansion of the active mate- 
rial take place in normal working, and are increased by excessive 
rates or limits of charging and discharging. This constitutes another 
cause of disintegration, particularly in plates of the Faure type 
containing plugs or pellets of lead or lead oxide paste. 

Tlie fragments which fall from the plates not only involve a 
I0S.S of material, but are also likely to extend across or gather between 
the plates, and cau.se a short circuit. 

The positive plates are far more susceptible to and injured by 
these troubles than the negatives. The former are also more expen- 
sive to make; therefore it is to them that special attention should be 
directed in the management of storage batteries. 

Short-Circuiting. Short-circuiting of a cell may be caused by 
conditions previously stated, and also by the collection of sediment 
at the Ijottom of the containing cell. The short-circuiting caused 
by the rlropping in of foreign matter, or the bridging of the active 
materials, is prevented by the use of glass, rubber, or wooden separ 
rators. 

The short-circuiting of plates by 
the formation of sediment is prevented, 
or the chances of it are decreased, by 
raising the plates so that they clear 
the bottom of the containing cell. In 
small batteries this clearance is about 
an inch; in very large cells It is con- 
siderable, Iveing about 6 inches; and 
lai^-sizcd plates, on account of their 
weight, are supported at the bottom 
by glass frames running lengthwise 
Ffc- 1?. (iiiiss p'ramc Support, tlirough tlie cell, as shown in Fig, 17, 
L-swi to Prevent shorKir I'his Sediment should be watched 

■■uitlBK by Sediment. i i ■ . 

carefully; and when it reaches a 

depth of 1 inch or more at the center of the cells, it shoukl be 
n'lnovtHl, Tile u.snal incthtKl is to take out the plates, siphon the 
electrolyte off carefully, ami then flush out the tanks until all the 
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sediment is remove<l. If siphoning cannot be resorted to because of 
the absence of drop, a pump may be used, either of glass or of the 
bronze rotary type. 

Troubles from Acid Spray. A storage battery gives off occasional 
bubbles of gas at almost any time or condition; but when nearly 
charged, the evolution becomes more rapid. These bubbles, as they 
break at the surface, throw minute particles of acid into the air, 
forming a fine spray which fioats about. This spray not only cor- 
rodes the metallic connections and fittings in the battery room, but 
is also very irritating to the throat and lungs, causing an extremely 
disagreeable cough. 

Glass covers are sometimes placed over cells to prevent the 
escape of fumes; but this is not advisable, as the glass becomes moist 
and will collect dust, thus forming a conducting surface over the cell. 

Attempts have been made to do away with this spraying by 
placing an oil film {thin layer of oil) over the electrolyte; but this 
has the objection of interfering with hydrometers; in addition, it 
sticks to the surface of the plates when they are removed, and inter- 
feres with their conductivity on replacing them. 

Another plan consists in spreading a layer of finely granulated 
cork over the surface of the liquid; but while this does not interfere 
with the hydrometer, it makes the cpH look dirty. 

The general practice is to dei)end almost entirely upon venti- 
lation to get rid of the acid fumes; in fact, even forced ventilation 
is used. A blower forces fresh air into the room, which is provided 
with a free exhaust. 

In connecting up the cells, it is advisable to use lead-covered 
copper cables, and to paint all connections with an acid-resisting 
paint, as these coverings protect the copper and prevent the forma- 
tion and the dropping of copper salts into the cell. 

Purity of the Electrolyte. This is very important, and great 
care should be taken to in.sure it. The electrolyte may have nitric 
acid present when formed (I'lante) plates are used ; and some chlorine, 
when Chloride negatives are used. In aildition, iron may be present, 
due to the water or acid if the sulphuric acid is made from iron 
pyrites; it may also l>e present owing to the wrrosion of iron fittings 
near the cells, some of the scide fulling into the electrolyte. Similarly^ 
some of the copper salt forrae<l from the connections by this corrosive 
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action may fall into the cell. Mercury may also be present as a 
result of the breakage of hydrometers or thermometers. 

Other foreign substances might be present, but those named 
are the most harmful. Nitric acid, even in exceedingly small quan- 
tities, will cause disintegration of plates, as the supporting material 
is destroyed. Chlorine has a similar effect. Iron, mercury, and 
copper produce local action, and thus decrease the efficiency and 
ultimately the life of the cells. The electrolyte should be tested 
about once a week for these impurities; and if any of them are present, 
it should be drawn oS and renewt^^l. If nitric acid is present, it is 
even advisable to flush the cell with pure water. 



1. Test for Chlorine. Take a sample of the electrolyte, acid- 
ulate with nitric acid, and add a few drops of silver nitrate solution. 
If a curdy white precipitate forms, which is soluble in ammonium 
hydrate, chlorine is present in some of its compounds. 

2. Test for (ron. Iron may appear in one of two forms, 
namely, ferrous or ferric salts. A small sample is taken, and some 
concentrated hy<lrochloric acid added, and then some potassium 
ferric cyanide; if a heavy blue precipitate forms, ferrous iron is 
present; if in very minute <]uantities, a deep blue-green discolora- 
tion results. 

3. Test for Ferric Salts. To a sample of the electrolyte, a^ld 
some hydrochloric acid and a few drops of ammonium tliiocyanite; 
if a blood-red solution or precipitate is the result, ferric salts are 
present. 

4. Test for Copper. To a sample of electrolyte, an exce-ss of 
ammonium hydrate is added; if a rich blue solution is the result, 
copper is present. It is advisable to check the test by taking another 
sample and adding some potassium hydrate to it ; if a blue precipitate 
is found which turns black upon boiling, it is additional proof of the 
presence of copper. 

5. Nitric Acid or its Compounds. As these are injurious, even 
in very small quantities, it is advisable to make the following test, 
which is very sensitive: Some diphenylamine in concentrated sul- 
phuric acid is added to the sample; if a deep blue color is the result, 
nitrates or nitrites are present. 
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6. Test for Mercury. Mcrtoiry may be present in two farms, 
mercurous or mercuric compounds. The mercurous compounds 
give a black precipitate with lime water, and a greenish precipitate 
with potassium io<lide. The vmcuric compounds give a yellow 
precipitate with lime water, and a red or scarlet precipitate with 
potassium iodide. 

On account of possible difficulties with these varit us impurities, 
the following are recommended: 

1. Test every carboy of sulphuric acid before using. 

2. Concentrated sulphuric acid should not be kept around, as it may be 
used by mistake, which would ruin the plates. 

3. Only distilled water from carboys should be used, and not from 
barrels, as In the latter cnse it may be contaminated by organic matter. 

4. Water from tho city mains is never to be used unless the amount 
of impurities which it contains is very amiill. 

5. When testing with hydrometer for fipecific gravity, the battery should 
be fully charged, and testa alwayn made nl the name temperature, or temjiernture 
ehanges should be corrected for, because the specific gravity of the electrolyte 
(alls with increase of temperature. The specific gravity changes due to tem- 
perature are given in Table VII. 

TABLE VII 
SpeclHc Gravity of Dilute Sulphuric Acid atJVarious Temperatures 
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Putting the Battery out of Conunission. If, for any reason, 
the battery is to be but occasionally u.sed, or the discharge is to be 
at a very low rate, a weekly freshening charge to full capacity at 
normal rate shoiild be ^ven. 

It frequently happens in practice that a storage battery equip- 
ment is put out of commission for a lengthy period (for instance, 
in most summer or winter resorts, the battery may be used for one- 
half of the year only). In such cases the procedure is as follows: 
First give the battery a complete charge at normal rate, then sijAon 
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off the electrolyte into carefully cleaned carboys (as it may be used 
again); and, as each cell is emptied, imTtiediaieli/ refill it with pure 
water, to prevent the charged n^ative from heating in the air, as 
this would result in loss of capacity. WTien the acid has been 
drawn from all cells and replaced with water, be^n discharging the 
battery, and continue until the voltage falls to or below one volt 
per cell at normal load (rate); when this point has been reached, 
the water should be drawn off. In this condition the battery may 
stand without further attention until it is to be put again into service; 
and to do this, proceed in the same manner as when the battery was 
originally put into use. 

If, during discharge, when water has replaced electrolyte, the 
battery shows a tendency to get hot (100°F,), add colder water. 

COMMERCIAL APPLICATIONS 

The function of a storage battery is to receive electrical energy 
at one time or place, and to give it out at .some other time or place. 
The principal uses are the following: 

1. To tumisli portable electrical apparatus with povrer. 

2. To moke up for fluctuationR, and thus steady the vnlta^ and loud 
on tho generator. 

3. To fumifih energy daring pertain hours of the day or night, and enable 
the generating maehincry to be stopped. 

4. To aid the gener.idng plant in carrying the ma\irnun) load (peak), 
which usually exists for only an hour or two. 

5. To make the load on engincH or prime movers more uairorm, by 
charging the battery when the load is light. 

6. To transform from a. higher to a lower potential by charging the 
cells in series, and discharging them in parallel, or viee-versa. 

7. To subdivide the voltage, and enable a three- or a five-wire syBlcm 
to be operated from a single generator. 

8. To supply current from local centers or substations. 

9. To supply current to electrically-driven vrfiicles. 

10. As sources of current in telephone and telegraph systems. 

11. For car-lighting, purposes. 

12. As sources of constant potential and current in electrical laboratories. 
Portable Storage Batteries. "Die storage or the primary battery 

is practically the only means of supply for portable electric lamps or 

for those not connected to a dynamo even when they are not por"table. 

The various manufacturers furnish portable forms of storage 

batteries. The Gould Storage Battery Company's portable battery 
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CF!g. 18) is arranged In a case made as a hard rubber jar, lead-lined 
box, or glazed earthenware jar, over which is placeil a rublwr gasket, 
and then a wooden cover clamped in place by U-shapeii straps 
passing around the containing vessel. For ventilation in charging, 
the cover has 
threaded holes, 
which, when the 
battery is in use, 
are closed with 
hard rubber stop- 
pers. The usual 
number of cells in a 
case is from one to 
five, although they 
are made up in 
larger numbers if 
desired. The bat- 
teries are rateil at 2 
volts per cell. 

A serious ob- 
jection to portable 
storage batteries is 
their great weight. 
For example, a 
standard size weigh- 
ing 100 lbs. yields 5 
amperes at ten 
volts, or fifty watts, 
for ten hours — just 
enough to feed a 16- 
cahdle-power lamp. 
The total discharge 

is 500 watt-hours 

, . , , pig. 18. Qouia PonablB Storage Battery, 

or two-thirds of one 

horse-power-hour. The special forms of battery used in automobiles 

give about twice this output for the same weight. 

This weight is almost prohibitive to portability, except for 

automobiles, railway train lighting, and special purposes. 
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Portable batteries, for example, are used for feeding small motors, 
lamps, etc., for m«licai or dental 
purposes, in which cases their 
weight is not a serious iliffieulty, 
-i in view of the importance of the 

^ work and the small amount of 

energy reriuired. Another special 
field for very small batteries is 
the theatrical application, for 
^ which they are carried by per- 
■C _ formers. Storage batteries are 
also extensively used as sources 
t^ of power to drive small fan and 
o' 2 kinetoscope motors. 
I ^ Storage Batteries for Pre- 

6 I venting Fluctuations due to un- 
'': steadiness in the driving power 
s or in the load, as with elevators, 
■S I are often applied successfully. 

4 2 A dynamo driven by a gas engine 
^ < for example, may varj- jx^riiMli- 

1 cally in spee<l becau.sc of the ex- 
S plosive action of the gas in the 

^ ■a cylinder; and a battery connected 

5 3 in parallel with the djTiamo will 

2 have tile effect of steadying the 
i? voltage. A storage battery is gen- 
erally installed in connection with 

g» asmall giis-engineorstcam-engine 
1 lighting plant, to enable the en- 

gine to be stopped for a consid- 
erable portion of the time, and 
thus save lalwr and attention, in 

r which case the battery may also 

act to prevent fluctuations. A 
"* windmill electric-lighting plant 

§ S must have an accumulator or 

t»M^at»- some other means of storing 
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energy, not only to eliminate fluctuations in speed, which are con- 
tinually occurring, but also to bridge over the considerable periods 
ofcitlni weather. 

To Furnish Energy during Certain Portions of the Day or Night. 
In almost every electric -lighting plant, there are long periods dming 
the day and late at night when the number of lamps lighted is so 
small that it may not pay to run the generating machinery. 

For example. Fig. 19 is a load diagram showing the weekly 
output of the electric plant of the Astor Building in New York City. 
The generator plant runs from 3 a.m. to 8 p.m. each day, the battery 
being charged from 3 a.m. to 11 a.m. ; and when the generating plant 
is shut down at S p.m. the battery carries the entire load from then 
until 3 a.m., when the plant is started up again. Saturday nights 
the plant is shut down at eight o'clock, and the battery furnishes 
all the power required from then until Monday morning at 3. Thb 
enables the plant to be operated by two gangs or shifts, practically 
no Ialx>r being required for the Temaining seven hours, as the battery 
carries the load, and the machinery is stopped entirely all day Sunday, 
giving a stretch of thirty-one hours once a week, and seven hours each 
night for cleaning an<! repairs. In a hotel or resi<lence, or on board 



Fig. 20. Load Curve Showing "Peak" ol Loail Cnrrtea hy Siorage Buttery. 

a yacht, it may be desirable to stop the machinery and avoid the 
vibration and noise during the night. 

Storage Batteries to Aid in Carrying the Maximum Load. 
Assume, in the case of the load diagram shown in Fig. 20, that the 
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generating machinery is capable of supplying 8,000 kilowatts, and 
that a storage battery js used to furnish the remaining 3,600 kilowatts 
at the time of maximum load^that is, the peak of the load diagram. 
This simply means that batteries are substituted for a certain portion 
of the machinery plant, and the question is whether or not the sub- 
stitution is of any advantage. 

The first cost of a battery for a given rate of output depends 
simply upon the time of dischat^. Batteries usually have a normal 
period of discharge of about 8 hours, at which rate the price of 
accumulators to furnish a given number of watts would be 3 to 5 
times as great as that of the equivalent boilers, engines, and dynamos 
combined; but if the time of discharge is reduced to about 2 or 3 
hours, the costs are about equal; and with a still higher rate, the 
cost of batteries would be less. 

As a matter of fact, the storage battery secures other advan- 
tages, so that the total gain may be very important. For example, 
there is a reserve supply in case of accident; and the load may be 
made more uniform, as will now be explained. 

Storage Batteries to Maintain Unifonn Loads on Engines. 
Steam engines are very inefficient at light loads, and this fact often 
causes serious losses, especially in electric-lighting plants. Judicious 
selection of the number and sizes of the engines enables them to 
be worked in most cases at a considerable fraction of their full 
capacity nearly all the time. Nevertheless the storage battery 
gives greater flexibility to the plant, and renders it easy to increase 
tlie economy of the engines by making their loads still more uniform 
and nearer to their full capacities while they are nmning. The 
engines can be made to have a uniform full load, the battery being 
charged when the external load is light, and the battery taking the 
peak of the load when it is heavy. 

Storage Batteries Used as Transformers. If the cells of a batterj- 
are arranged in serit's while Wing charged, and in parallel for 
discharging, a high voltage will be required for charging, and a 
low voltage will be given out. The amounts of encrgj- measured 
in watt-hours an- the same, less the loss of alwut 25 per cent which 
always (Jccurs in accumulators; the result is similar to that obtained 
by an alternating-current transformer or motor-cHTiamo, but is loss 
efficient. As an example, the etjuipment use<l at the Brooklyn Navy 
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Yard may be mentioned. It consists of about 2.')0 small cells con- 
nected up in series parallel of 5 sots of 50 cells each and charged 
on a 110-voIt circuit. When discharged, they are connected up all 
in series, and give about 500 volts, but with very small current. Thb 
equipment is used to furnish 500 volts for the inaulaiion test of cables, 
and therefore requires little or no current. 

Storage Batteries Used for SuMividing Vcrttage. Tte moat 
important practical case is that in which a dynamo of 220 volts 
chains a battery of corresponding potential, a three-wire system 
being supplied from the battery, the neutral wire of which is con- 
nected to the middle point of the battery, as represented in Fig. 21. 

"T :t — 



i: 



This arrangement avoids the necessity of running two dynamos, 
and allows the battery to be placed in a substation near the district 
to be supplied, so that it is necessary to run only two conductors 
to that point instead of three. The same principle may be applied 
to the five-wire system. When used in this manner, each side of the 
system requires its individual end cells and regulators. 

The Hartford Electric Light Company was one of the first in 
this countiy to introduce the modem method ot high-tension 
transmission, with low-tension 3-wire distribution. 

The auxiliary liattery used in connection with this equipment 
consists of 130 Chloride accumulators ((15 on a siile), each cell con- 
taining 31 negatives and 30 positive plates, each IjJ by 31 inches, 
placed in lead-lined tanks mca-suring 5S1 by 21.^ by 43J inches. 
Fig. 22 is a diagram showing the gfncml plan of the system. The 
power is transmitted 10.8 miles from the FarminKton Hiver Power 
Station to the Pearl Street Station, in ILirtfonl, by means of step- 
up transformers, a 10,000-volt transmission line, and step-down 
transformers tor distribution. From Poarl Street Station to State 
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Street, a distance of 3,000 feet, the current is transmitted at 2,400 
volts, at which latter point, by means of step-down transformers 
and rotary converter, the storage battery is chai^l and the current 
distributed over a low-tension three-wire system. 
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Storage Battery for Substations. The plan of installing battery 
plants at local centers, which are charged from the main station, 
enables some of the conductors to be saved in a three- or five-wire 
system, as already stated. It also makes it possible to reduce the 
size of these conductors, because the current which flows over them 
can be kept practically constant, so that it is not necessary to have 
them large enough to carry the maximiira current consumed by the 
lamps, etc., which may I>e several times its average value. The 
generating machinery- has the same steady load as if the battery 
were located near it. 
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The batteries at the various substations may be connected 
and chai^d In series or in parallel. The former plan would require 
far less copper in the conductors, since the voltage is multipUed 
by the number of batteries in series, and the current is the same 
as for a single battery. On the other hand, thb great difference 
of potential would exist between the first and the last batteries 
of the series; and if cither of these became grounded, any person 
connected to the earth and touching a wire supplied by the other 
battery would receive a shock due to the total voltage. 

An excellent example of a storage battery substation is the 
Bowling Green Plant of the New York Edison Company. The 
Bowling Green Station furnishes an auxiliary supply of current 
directly from tlie battery, enabling the feeders, extended as tie- 
feeders into the Bowling Green building, to be used as distributing 
feeders to the system from both the Duane Street and Bowling 
Green Stations. \Vhile acting as an auxiliary supply to the general 
system, the battery also takes care of (he distribution of current to 
the extensive installation in the Bowling Green building itself. The 
supply of current to charge the battery is taken from the Dyane 
Street Station, about a mile distant, over four tie-feeders equipped 
with controllable disconnective switchboxes on the Bowker-Van 
Meek system. This enables them to be used as tic-feeders by dis- ■ 
connecting them from the general system during the hours of light 
load, and as distributing feeders during the hours of maximum load, 
when they feed curri'iit into the system from each end. A con- 
siderable saving is thus effected in the investment, because costly 
feeders are not required to supply the maximum load to a distant 
part of the system. 

This inslallation of an auxiliary source of current supply in 
the lower district makes it possible to shut down the generators 
in the Duane Street Station during the hours of minimum load, 
the supply of current to tlie district below Sth Street being derived 
from the battery plants at Bowling Green and 12th Street Stations, 
supplemented, if desired, by the supply of current from the 26th 
Street Station, over the tie-lines to 12th Street Station, whence the 
current is distributed through boosters raising it to the required 
potential, over the tie-feeders to the Duane Street Station switch- 
board. The battery and operating rooms of the Bowling Green 
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Station arc located in tlie sub-basomcnt of the Bowling Green Office 
Building. Vitrified hollow tile for conducting the feeder cables 
are laid under the battery-room floor, which consists of glazed white 
tile. Drains to carry off the water or acid run in the aisles between 
the cells, and lead to small cesspools which discharge into a lead 
drain-pipe. 

The batterj' consists of 150 CIdoride cells, 75 in series on each 
side of tlie three-wire system. The cells consist of wooden tanks, 
403 hy 21 2 by 30^ inches, treate<l with an acid-proof paint and 
lead-lined, each containing 14 positive and 15 negative plates 15J 
inches wide by 31 inches high. Each tank is supported on four 
petticoat porcelain insulators resting upon 6-inch glazed tiles. 

The plates are suspended in the tanks by shoulders resting 
upon sheets of heavy g]a.s.s, which stand upon lead saddles in the 
bottoms of the tanks. 'ITte cells are connected by welding the 
plate terminals to lead bus-bars, no mechanical connections being 
used. 

Twenty of the end cells on each side of the system are used 
for regulating, being separately connected to contact points on 
the regulating switches, which carry movable contacts operated by 
a screw. The potential is rai.sed or lowered by cutting in or cutting 
out the regulating ci'IIs. Two regulating switches are connected 
in multiple on the positive, and two on the negative, side, to permit 
of dischaipng at two [K»tentials, or to enable the battery to be 
charged and discharged simultaneously- The conductors between 
each series of cells, and betwi>en the n-gulating cells and the regulating 
switches, consist of copper Imrs 3 inches wide by J inch thick. These 
bars are siip[x>rted on porcelain insulators resting in hangers. The 
connections of this equipment are shown in Fig. 23. 

The capacities of the battery at various rates of discharge are: 

2,(MK) niii|jpr(!s jjcrBitii.' for I hour. 
1,01)0 nniiKTCs [icr side for 3 hoHre. 
■H>0 aniiicrcs per side for 8 lioiirK. 

Provision has tx'en maile in the battery-room, for the installation 
of a duplicate battery, which can be placfxl over the present plant. 
The booster b used to raise the voltage from tliat of the system to 
that requireil for charging the battery. The booster can be used 
also to raise the voltage of dischai^ for feeding some distant point 
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of the system at a higher potential thaa would normally be required. 
The machine consists of one positive and one negative dynamo at 
each end of a common shaft driven by two motors. Each dynam:) 



rEEoena 

Fig. 73. Connecllona ot tbe Bowling Grmn Storagu Baitter 

has a capacity of 1,200 amperes, and a range of pixssure up to 60 
volts. 

Storage Batteries Used for Two or More of the Above-Named 
Purposes. Each of the different ases has been considert^l separately 
to avoid confusion, but in most cases the storage Iwttt'ry is adopted 
ill onlcr to secure several advantages. By thus combining different 
applications, the plant is rendered not only more economical, but 
also more flexible. For example, the battery may be utilized to 
help 6ut the generating machinery at times of heavy load, or when 
the latter is partially or wholly disabled. It often happens that it is 
difficult to proiluce or maintain sufficient steam pressure, owing to 
poor draft or other conditions, in which event a battery enables the 
boilers to be temporarily relieved of some or all of the drain upon 
them while the pressure is being raised to the proper point. It may 
also be necessarj' or desirable to shut down the machinery or a portion 
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of it, temporarily, in order to make some repair or adjustment. It 
ia also possible to feed some of the circuits from the battery while 
the others may be supplied at a higher or lower voltage by the ma- 
chinery. In these and many other ways the storage battery may 
be a convenient adjunct to an electrical system. The fact that it 
is so radically different from the machinery in its nature and action, 
makes it very unlikely that the entire plant will be crippled at any 
one time, since the two sources of current are not exposed to the 
same dangers. An accident to the steam piping, for instance, mi^t 
shut down all the machinery, but probably it would not affect the 
battery; and, vice-veraa, an accident to the latter is not likely to 
extend to the former. 

As an example of this application of the storage battery- to several 
purposes, the following case may be cited : 

The installation of storage batteries at the power house of 
the Woronoco Street Railway Company, in Westfield, Mass., pre- 
sents features of special interest. After considering various methods 
of increasing the power-house capacity, rendered necessary by the 
construction of an extension of the line, it was decided that the 
storage battery ofTercd the greatest advantages. 

The station ecjuipment consists of two 75-kilowatt multipolar 
generators belted to two 1 20-horse-power, high-speed, simple, non- 
condensing engines, steam being furnished by two 90-horse-power 
return tubular boilers. 

The battery consists of 2G4 Chloride Accumulator cells. Type 
F-11, in glass jars of Type F-13, jtermitting an increase of 20 per 
cent by the addition of one )>air of plates in each cell, and b installed 
in a small brick extension to the power house. The cells are located 
in one tier, each cell being supported on a sand tray resting on four 
glass insulators. The foundation for each row of cells consists of 
two stringers of wood suitably braced and supported on brick piers. 
This battery was not installed as a voltage regulator, the feeder 
system being so designed tliat the drop on the line b only a small 
amount. 

By means of the batterj', the load on the machinery is reduced 
within the capacity of one unit, leaving the second one as a reserve 
ID case of an accident or an unusually heavy load. Without the 
battery, both machines would be needed nearly all the time. 
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The economy of operation due to using one unit instead of • 
two, is clearly shown by the following station records: 

Ontp>it Lba. coal. 

Date. tWD. Lbs. coaL kiv.-hra. per lew. -br. 

With battery Oct. 25-27 ■ 16,250 3,032 5.36 

Without battery Oct. 28 6,250 981 6.37 

■ 'ITiis sliows an increase in the coal consumption, of 19 per cent, 
on thv day when the operation of the battery was discontinued. 
The plant is also noteworthy fi-om the fact that the station attend- 
ance is reduced to one man per shift, the engineer doing his own 
firing. This arrangement could not have been continued under 
the conditions of increased load, had it not been for the improved 
regulation and reduction of coal handling, and especially the increased 
reliability of operation secured by the battery. 

On several occasions the battery has been called upon to carry 
the entire load of the system fur an hour or so, during a temporary 
shut-down of the rest of the plant, as well as early in the morning 
or late at night, when only one or two cars are in operation. 

Storage Batteries for Propelling Vehicles and Boats. The 
storage battery is usually al)out 35 per cent of the total weight in 
the modem electric automobile; and even with this great proportion, 
the <nstance run on one charge is seliloin more than from 20 to 40 
miles at a speed of alwut ten miles jxr hour, and that only on com- 
paratively smooth roaii.s. The ordinary battery e<|uipment consists 
of about 44 cells of lOS ampere-hours capacity with an average dis- 
charge voltage of alKjiit 1.9, 

In cities or where the roads are good, with charging stations 
close at hand, the electric automobile is superior to the gasoline types 
on account of the absence of explosive vapors, with the accompan)'- 
ing odor and noise. But for gt'neral touring they are not so handy, 
on acwjunt of the limited capacity of the Imttery. 

The application of the storage battery to the street-ear, while 
presenting such great advantages as the entire absence of poles and 
overhead wires, has not been a commercial success, mainly on account 
of the mechanical weakness of the plates, which are not able to stand 
the jolting and jarring or the rush of current due to frequent starts 
and stops. Another objectionat>Ie feature is the escape of acid fumes 
into the car, producing throat irritations and coughs among the 
passengers, although this is overcome by the use of fans. 



ibyGoogle 



50 STORAGE BATTEltlES 

The storage battery has been comparatively successful as a 
source of power in submarine boats, lieing chained while the vessel 
is on the surface, and discharged to run eK'ctric motors and lights 
when the vessel is manoeuvering under.the surface. 

Storage Batteries in Telephone and Telegraph Systems. Since 
the adoption of the central battery systems by telephone companies, 
the use of the storage battery for this purpose has become very 
common, its advantages over the primary cell being as follows: 
Lower first cost; smaller space reijuired (about 1 of tliat occupied 
by an equivalent primary battery); greater constancy of E. M. F. 
and lower internal resistance; absence of the annoying creeping sails; 
and rapidity of recharge. The cost of storage-batteiy maintenance 
is about i that of the primary cell. 

In telephone work, the battery is installed in the district station, 
and chained when the hne is not in use, from either a street con- 
nection or a generator in the station. When the line is in use for 
conversation, the charging current i,s automatically cut off, and the 
battery alone switched into senice. 

The storage battery in telephone work has become so important 
that the following description of a typical installation is given. 

In the Filbert Stn^vt Exchange of the Philadelphia Bell Tele- 
phone Company, there are two generating units, forming a duplicate 
plant, each consisting of one engine, directly connected to a 30- 
kilowatt, 110-volt dynamo. These machines are run on alternate 
days, and are used for lighting the building and for furnishing power 
at 110 volts to various motor-generators. The latter comprise two 
1,5-kilowatt machines for charging a 20-volt battery, one 1 .."i-kilowatt 
machine for charging an S-volt battery; one 500-watt machine for 
charging a 4-voU battery; and two J-horse-power 75-volt alternating- 
current motor-djTiamoM for ringing call Iwlls. Only one machine 
is installed for the 8-voU battcrj', and one for the 4-volt battery. 
Both batteries are in <luplicate. To avoid a possible breakdown, 
a rheostat is furnished, so that the batteries of lower voltage can be 
charged from batteries or motor-generators of higher voltage. All 
machines are proti'cted by iintoinatic cut-outs. 

The 20-volt battery consists of ten Chloride Accumulators 
having a capacity of aI)out 1,0(X) amiiere-hoftrs, which furnish all 
the current nee<led by the subscril>ers for talking and for calling 
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up the central offiee. The 8-volt batteries, in duplicate, consist 
of four cells, each having a capacity of 2,400 ampere-hours. This 
batteryfumishescurrent for the "disconnect" signals on theoperator's 
cords, and for the relays which cut out the sukscriber's lamp signal 
when the operator answers his call, by plu^ng into the jack cor- 
responding to the lamp signal. 

Half the drop in potential of the 8-volt battery is in the 4-volt 
lamp, and the other half in the cut-out relay. _ TTiis battery is in 
duplicate, so that one can be charged while the other is being dis- 
chained. This avoids danger of burning out the lamps, as the 
voltage of the battery is raised from 8 to 10 volts during charging. 

Each of the duplicate 4-volt batteries comprises six 13-cells 
arranged in two sets. One of these sets consists of four cells, two 
in series, two in multiple; the other of two cells. The two extra 
cells are needed on one of the batteries to supply current for the 
operator's transmitters. The latter is arranged to furnish a cur- 
rent of four volts or two volts as desired. The 4-voU battery also 
furnishes all current for the lamp signals, which light when a sub- 
scriber takes his telephone off the hook. This lamp is put out 
when the operator answers the call. This battery also is made in 
duplicate, one being charged while the other is discharged, to avoid 
burning out the lamp from the higher voltage during charge. 

Storage Batteries for Train Illumination. When cars are 
lighted by oil or gas lamps, these, owing to their size, and the heat 
produced by them, can be installe<l only in certain places, so that 
the distribution of light is not general, besides which, the heat and 
odor given off by the lamps are objectionable. The inflammable 
character of the illuminants involves great danger of explosion or 
fire in case of a train wreck. The absence of these disagreeable 
and dangerous features in electric lighting, is what has made its 
application so desirable in traction work. 

Several methods of electric illumination have been tried on 
railroad trains. In one of the simplest of these, a small dynamo 
on the locomotive truck, or one perched above the boiler, is driven 
by a small steam turbine. ^VhiIe this is an economical method, it 
has the objection, that when the locomotive is uncoupled, the cars 
must be illuminated by some other means. 

For this reason, the storage-battery system of supply has been 
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adopted. One of tlic most successful methods is the "Axle Light" 
system. This, us its name implies, derives the motive power for its 
dynamo from the cur axle. The mechanism is suspended from the 
lH>ttom of the car, and is completely enca.sed, so as to Ik dust-proof 
and waterpniof. It compri.ses a small dynamo driven from a pulley 
oil the axle of the car hy means of a friction coupling. 

The dynamo and <lriving mechanism are shown in Fig. 24. 
The former generates from '32 to 40 volts, de]X'nding ujKtn the speed 



Fly. 21. Mi'ih.Hl uf Siispi'nslon Usea by the -Axle Llghl" SysWm. 

of the train, provided that it exceeds lo miles per hour, the dynamo 
being then automatically eonnectc<l to the battery and lamp cir- 
cuit. An automatic device rectifies the direction of current, so that 
even though the direction of rotation is reverseil, the battery is 
always charged in the proper direction. A variable resistance in 
scries with the field cfiils is automatically adjuste<l by a small motor, 
so that even at high six-ed the normal limit of voltage is not exceeded. 

The lamps are 1 6-candle-power at 30 volts, the filaments being 
short and heavy so tliat they are not injured by vibration. 

After the slonige battery has been chari;^!, it acts in pan^llel 
with the dynamo, and avoids fluctuations in voltage. When the 
car stops, the dynamo is automatically cut out, and the full supply 
of current is furnished by the battery, which is large enough for a 
ten-hour supply at full load, *' 

Storage Batteries for Electrical Laboratories. The great advan- 
tage of this source of power in ulectrieal laboratories, is the fact that 
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any vaiiation in the voltage ik very gradiml, an«I by the siniptf regula- 
tion of a rlieostat in series witli the Iwittery, the oj)erat()r can keep 
his voltage ami eurrent absolutely eonstant while a test or calibra- 
tion is being made. 
When a large cur- 
rent is wanted, a,s in 
the case of ammeter 
calibration, tlie wlls 
may be connected in 
parallel and dis- 
charged through a 
low resistance, thus 
cutting down the en- 
ergy required for the 
test. A storage bat- 
tery may also l)e 
usi^ to step up the 
voltage, the cells be- 
ing connected in par- 
allel groups for 
charging, and in 
series for discharg- 
ing. 

TT\e special ar- 
rangement shown in 
Fig. 2.5 consists of a 
storage battery S.B., 
the charging current 
for which is regulat- 
ed by a bank of in- 
candescent lamps L. 
Where a large-capac- 
ity battery is era- 
ployed, a rheostat or 
motor-dynamo can 
l>esubsiitute<l for the F'b- 35- 

lamps. In the in- ■'*ii.5^-iVud™i'oiwr.u'lii'.ur '''' 

stance shown, four distinct operations may be carried ' 
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tancomly, without hftvingonc intorferewith the other. E^ach one of 
the circuits is supplied with a regulating device V. R., so that any 
desired current density is obtainable at the electrodes of the experi- 
mental devices I, II, III, and IV. The arrangement of the voltipcte? 
circuits is such that the voltage of each individual circuit can be 
Readily obtained through the use of the twelve-point voltmeter 
switch at I'. S. The switching arrangement is such that by means 
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of one ammeter ,1, separate readings of the current in each branch 
circuit may be made, or the total current read. For example, with 
the switches as shown in the figure, the current flowing through the 
first apparatus consisting of a resistance furnace is being measured. 
If switch 1 were thrown in the oppasite direction, and switch 2 had 
its position reversed, the current of group II would be shown by the 
ammeter. If all the switches were placed in the same position as 
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switch 1, the ammeter would iiulicate the total cum-nt drawn by 
the four pieces of experimental apparatu.s. 

Connection and Regulation of Storage Batt^ies. The com- 
plete control of a battery in an electric-Hghting plant re<|uires pro- 
vision to be made for feeding the lamps, etc., from either the dynamo 
or battery separately, or from the two working in parallel; an<l it 
should be possible to cliarf^ tjie battery at the same time that lamps 




are being supplied. To accomplish those results requires three 
switches — one to connect the battery to tlie dynamo, one to connect 
the lamps to the dynamo, and one to connect the lamps to the battery, 
In some plants the second switch is omitted, because the lamps are 
always fed by the battery alone, the latter being charged during the 
day, when no lamps are in use. However, it would six^m desirable 
to have all three switches in every plant in order to be able at It^^t 
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to supply lamps and charge the battery at any time. In the battery 
circuit, there should be an ampcre-metcr having a scale on both sides 
of zero, so that it shows whether the battery is being chatted or dis- 
charged, as well as the value of the current. Another similar ampere- 
meter is required in the circuit between the dynamo and the battery, 
to show the direction and amount of current. A third ampere-meter 
is desirable in the tamp circuit, to show the total current supplied 
to the lamps; but it need indicate only on one side of zero, since the 
current there always flows in the same direction, A voltmeter is 
required with a three-way switch, which enables it to be connected 
to the dynamo, battery, or lamps respectively. 

An automatic overload switch must be inserted in the battery 
cireuit so as to open or introduce resistance into the circuit when 
the current becomes excessive. An automatic cut-out is required 
between the dynamo and the battery to open the circuit when the 
chai^ng current falls below a certain value, and thus avoid any 
danger of the battery discharging through the dynamo, if from 
any cause the E, M. F. of the latter dnips below that of the former. 
This completes the ordinary measuring and circuit-controlling 
apparatus employed in connection with storage batteries. The 
arrangement is shown diagrammatically in Fig, 3C, in which A 
and A' are the two ampere-moters, the third one being omitted in 
this case; V is the voltmeter; E the voltmeter switch to connect 
to the dynamo, ImtterJ, or lamps as desiretl; G the bus-bars; L, 
lamps; D, dynamo; R, rheostat in field-circuit of dynamo. 

The regulating device consists of eleven end-cells, which arc 
connected to corresponding contacts on the end-cell switches (Fig. 
26), But as the drawing of these connections would complicate 
the figure, they have been omitted. Fig. 27 shows the switchboard 
with these devices mountcil upon it. 

Parallel Charge, Series Discharge. With batteries of small 
capacity, where it is not advi-sablc or convenient to raise the generator 
voltage in order lo charge all the cells in a single series, it is usual 
to divide the battery info two ])arts and charge each half of the 
batteiy individually, through a resistance from the main lines. This 
method is inefficient, however, and should be employed only with small 
equipmentfl. Fig. 2S shows a diagram of connection for chaining 
in this manner, and coupling the two lialves of the battery in series 
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during discharge, the discharge voltage being also regulated by re- 
sistance, there being no end cells employed. 

Regulation of Storage Batteries. This is one of the most trouble-' 
some problems involved in the practical use of storage batteries. I^ 
arises from the fact that the voltage falls continually from the begin-' 




Fig. ffl, Cnnnectlon-i tor Parallel Chargis, Series DLicharge. 

ning to the end of dischai^. To be sure, this decline ia gradual; 
but its total value is lai^, being from about 2.2 to about 1.8 volts, 
which is a decrease of nearly 18 per cent. 

In order to maintain a constant voltage, the usual plan is to 
have a number of extra cells, which are successively switched into 
circuit 03 the potential falls. These resene cells and the switches 
which control them are represented in Fig. 26. 

The contact-pieces of these switches must be made in such a 
way that they do not short-circuit the cells as they pass from one 
point to the next. This is accomplished by splitting the movable 
contact arm into two parts, between which a certain amount of 
resistance is introduced, so that when the two parts happen to rest 
on two adjacent contact-points, the resistance prevents the cell 
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which is connected to these two points from b^in^ short-circuited, 
and also avoids breaking the circuit. 

The number of extra cells depends U{)on conditions; for 110-volt 
lamps, it would require 51 cells to obtain 112.2 volu when fully 
charged and giving 2.2 volts each, assuming the <lrop on the con- 
ductors at 2 per cent. When Iho battery becomes dist^iarged, and its 
potential falb to 1.S volts per element, 10 additional wlLs, or 01 in all, 
would be needed. These woukl yield 111.8 volts, assuming the 
average potential of the reserve cells to Ix- 2 volts, since they ha^e 
not been dischai^-d to the same extent as the original battery. If the 
drop on the conductors is 10 per cent of the lamp voltage, the potential 
at the battel^ will have to Ik; 110 + 11 = 121. This will necessitate 
4 more elements, or a total of 6'>, when the 51 orifjinal cills are fully 
discharged to l.S volts, and the 14 extra cells give 2 volts each. 

For a tlirce-wire system, the above figun-s .sliould, of course, 
be doubled. This .switching of extra cells into and out of the cir- 
cuit obviously results in discharging them un(i|ually; hence they 
require to be charged to a corresiwnding extent. This is accom- 
plished by successively cutting the cells out of circuit as soon as they 
become fully chained, the last cell which was put into the circuit 
Ix'ing fully charged in the shortest time, and so on. The amount 
of charge is determined by the methods aln^iidy given. If the cells 
employed arc not injured by overcliai^ing, tin y may be left in circuit 
until the entire Iwittcry is fully charged. This sitves the trouble of 
operating the switch; but it i.s wasteful of enerf^y, since the full coun- 
ter-E. M. F. and rcsistanw of the cluirgcd crll.- must be overcome, 
which rc<|uircs alwut 2..") volts more jxr element. The switches 
might be operated automatically by a voltage a-gulalor or by clock- 
work. 

REQULATtON OP GENERATOR IN CMARQINQ STORAQB 
BATTERIES 

The variation in E. M. F. which occurs in accumulators renders 
it somewhat difficult to regulate the genenitors employed to charge 
them. A constant potential will give a di-creasiii^j nile of charge, 
owing to the gradual rise in wunter-E. M. F. Tliis is advantageous 
in that it enables the cells to n-ccive a larger cliargc; imt the increase 
in their voltage is so great tliat it is jn'actically uecess;iry to regulate 
the charging potential. In practice it is customary to maintain the 
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' charging current approximately constant for considerable pt-riods of 
time; otherwise it would l>e difficult to determine the quantity of 
energy put into the battery, and its efficiency. \Vlien extra cells 
are used, they facilitate the regulation of the generator, since they 
are gradually cut out as the E. M. F, rises. 

If the lamps are supplied at the same time that the battery is 
being chargetl, some provision must l>e made for the fact that it may 
be necessary for the voltage of the dynamo to be considerably higher 
than that required by the lamps. One plan is to have two separate 
switches connected to the reserve cells, as shown in Fig. 2G, the 
charging current from the dynamo being led in through one, and the 
current for the lamps passing out through the other, so that the 
potential can be independently controlled in the two circuits. An- 
other method b to insert counter-E. M. F, cells {without active 
material) in the circuit between the dynamo and the lamps, in order 
to bring down the voltage of the former to suit the latter. The num- 
ber of these cells is varied in accordance with the excess of the poten- 
tial of the dynamo. 

Simple resistance coils may be used in place of the counter- 
E. M. F. cells to reduce the pressure; but the cells have the great 
advantage, that they have an effect practically independent of 
variations in the current. All these methods, however, involve a 
waste of power, the value of which in watts is the product of the 
current in amperes and the numlKT of volts by which the potential 
is cut down. In small plants this loss is not serious, but in large 
plants or central stations it may U'come very considerable. 

Booster Methods of Regulation. The best plan is to make 
use of a booster, in which case the main dynamos are run at tlie 
proper voltage to supply the lamps directly, and the additional pres- 
sure required to charge the battery is furnished by the booster. 
'I'Tiis IS connected in series with the dynamo, being inserted in the 
circuit between the latter and the battery. 

\Vhen a battery is placed at. the end of a long feeder to com- 
pensate for line drop, and at light loads to act as a storage reservoir, 
it is not usual to equip this flocUing battery with any regulating 
device. In such cases the battery is simply connected across the 
line, and the charge and discharge are determined by the feeder 
drop. For instance, when a small load is on the line, the drop is 
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small, an<l the potential applied across the battery terminals is high 
enough to send a chai^ng current into the battery; if the load on the 
hne increases, the drop naturally increases, the pressure at the end 
of the line falls, and, if it falls below the battery voltage, the battery 
discharges in parallel with the generator, carrying a certain portion 
of the load. The floating battery has the advantage of simplicity, 
and acts immediately, as it has no time lag, which is always present 
in any apparatus depending upon changes in magnetization. Usually 
the variations in voltage and the fluctuations in load are too great for 
successful operation of a floating battery on any but an electric rait- 
way or power circuit, and a booster is required if incandescent light- 
ing is a part of the load. 

The duty of a booster is to vary the voltage at the battery 
terminals with variation in load, causing charging or discharging 
of current as conditions may require. The booster is an auxiliary 
dynamo, the E. M. F. of which is used to raise or lower the voltage 
in the battery circuit. These machines are classified as series, 
shunt, compound, dijfercnfial, and constant-current boosters. 

Shunt Booster. This is a shunt dynamo, driven by any source 
of power, having its armature circuit in series with the line from 
generator to battery. This form is used in plants where the bat- 



Plg, SB. Load Diagram ot CaJte la wblcb a Sbunt Booster is Appllcablft. 

tery is not designed to take, up load fluctuations, but is in service 
only to carry the peak of the load, being charged during periods 
of light load, and discharged in parallel with the generator. It 
acts to increase the voltage applied to the battery so that the charg- 
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ing current will flow into the latter. As a rule, the battery used in 
conjunction with a shunt booster is made large enough to carry the 
entire load during the light-load period. As the battery discharges 
and its voltage drops, the end-cells (regulation cells) are cut in and 
the proper voltage niaintained. Fig. 29 shows a load diagram to 
which this system is applicable, and Fig. 30 shows diagrammatically 




Fig. SO. Sbunt Booster CoDDectloDS, 



the connections of this system. The booster (7) is direct-connected 
to and driven by a shunt-covered motor (8), which takes current from 
the main bus-bars. The field of the booster is provide<l with a single 
winding excited from the generator circuit. This winding has a 
rheostat (10) in series with it so as to be able to regulate to booster 
E. M. F. It is to be noted that the shunt booster is not applicable 
where there are sudden fluctuations which are great compared with 
the capacity of the generator, and that it is not automatic in changing 
from charge to discharge, the switching being [H?rformed by hand. 
Scries Booster. The connections are like those of the shunt 
booster with the battery and booster in series across the line; but 
the field of booster being in series with the battery circuit, its E. M. F. 
is zero when no current is flowing in or out of the battery. Should 
the voltage of the line rise, due to a decrease of load, and a charging 
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current flow into the battery, the E. M. F, of the booster would 
increase, and thus teii<l to increase the rate of charge. The reverse 
occurs when the battery dischai^s, as an increase of load on the Hnc 
increases the current througli the scries field of the booster, thus 
raising the voltage of discharge so that the battery carries a larger 
part of the load. 

This booster acts to compound the battery on discharge, and 
tends to maintain a constant voltage on the line. It depends on 
tlie fact that the generator voltage falls when the load increases; 
hence it is used with a shunt generator or equivalent source of supply. 

This system is applicable to power, but not to lighting purposes, 
and b similar in its operation to a floating battery. It is not so exten- 
sively used as the compound and differential booster arrangements, 
which give better regulation under similar conditions. 

Compound Booster. This system is used on railway and power 

circuits with great fluctuations in load, the battery action to prevent 

■ excessive drop and to assist the generating machinery in canying the 

load, relieving it from the strain of sudden rushes of current. The 

connections of this system are indicated in Fig. 31, and the operation 




t'li:, H. Cooipouuil Uuosler Couui 



is as follows: Under normal load conditions the shunt field F^of the 
l>ooster creates an E. M. F. in the same direction as the battery, 
tending to discharge it. Calling E, the generator E. M. F.; £, the 
booster E. M. F.; and E^ the battery E. M. F., we have E,-£. = E^ 
when no current is flowing into or out of the battery. In this case 
the generator carries the whole external load. 

If the load increases, E, decreases, so that E^-E, is greater than 
Eg, and the battery begins to discharge. In dischaipng, the current 
passes through the series field F. of the booster and produces a 
proportional E. M. F., acting with the shunt field to raise E„ thus 
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increasing the Imtterj- «iisrharge and shifting more of the load from 
tlie fj^nerator, until the system bceomes Imlanced. 

If tlie loatl on the external circuit l>e light, the generator voltage 
£,, rises and current flows Jnto the battery. In this case the series 
field acts against the shunt field and decreases £„ so that the generator 
voltage is greater than booster and battery voltage combined, thus 
increasing the rate of charge of the battery, un'il the load causes the 
gfucnitor voltage to drop to normal and the system is again balanced. 
The battery and Iwoster can bo placed at the power house f>r at the 
p()int at which the greatest drop is likely to occur. 

A batten- can also Ik> used to help out the generators at the peak 
of the load, by iiicn'asing the shunt-field current and thus causing 
E,-E^ to be greater than E,. 

Since this system also depends for its action upon the drop of 
voltage with increase of load, it is only applicable to shunt-wound 
generators or equivalent source. 

Diffcrenlial BoosUt-i. The differential lxx)ster system most 
commonly used is shown in Fig. 32. The compensating field S, 



t'ljl. 32. DiHuremlal U.>osut Conuet lions. 

prevents the variation of the battery R. M. F. from disturbing the 
equilil)rium of the system. If the lottery E. M. F. Ije lower than 
normal, it will not discharj^c rapidly enough to relieve tlie generator 
fnun overload fluctuations, unless the booster E. M. F. be increased; 
i;nd the gcnenitor will therefore have to supply a current of greater 
than its norma! value. If, however, a current of greater value than 
the normal flow.s through iS',, the value of /-S, is decreased, and iS, 
still furlher over|x>wers the resultant of f-S^ and causes a higher 
lK)osterE. M. F., tending to discharge the battery, thus bringing down 
tlie generator lf>ad to normal. Should the battery E, M. F. be above 
its normal value, the Imttery would discharge too^rapidly and carry 
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more than its share of the load; in this case /-S, ia greater than it 
should be, and the booster E. M. F. causes the load to become evenly 
distributed between the battery and generator. 

In operating this system, the vaiying load must be beyond the 
booster equipment. If desired, the coils S^ and S, may be short- 
circuited so that the battery may be charged more rapidly. 

Constant-Current Booster. In systems having short lines and 
small drop, it is often desirable to have the voltage fall on sudden 
application of an overloafl, so that the rush of excessive current is 
prevented. This rush of current occurs in buildings where elevator 
and power motors constitute a large percentage of the load; and to 
prevent it, the constant-current booster system is used. 

Fig. 33 repre- 
■ sents a constant- 
current booster sj-s- 
tem, in which the 




'f"\ main current passes 



|through the a 



t 1 1 fl S5SS.?""**"' *^'*' ture and series field 
U " "^'"'"'' '""^' of the booster; and 



not reverse. 

The voltage impressed on a fluctuating load of motors, on the 
light, is greater than that impressed on a non-fluctuating load of 
lamps on the left, by the amount of the booster voltage. 

The shunt-coil / creates an E. M. F. in the same direction as that 
of the generator; while the series-coil F opposes it. 

Should a load come in the motor portion of the circuit, the 
generator sends a greater current through the series coil S, the action 
of which reduces the Ixxtster E. M. F. in direct proportion to this 
rush of current, and causes the booster E. M. F. to vary inversely as 
the motor load, thus tending to maintain an almost constant current 
delivery from generator. If it is desired to have the battery furnish 
power to Ixjth lights and motors, at periods of light load, and not to 
use the generator, this can In- done by simply opening the generator 
switch and short-circuiting the booster by closing switch S,. 

The switch N| is closed in charging the battery, as the rate of 
charge can be controlled by varjing the shunt-field resistance R. 
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This is often done, when the battery haa been carrying a heavy load 
for some time and the recharging must be hurried. 

In the automatic booster systems already described, the regula- 
tion is obtained by two or more field windings acting differentially 
or cumulatively. 

Systems of External Cordral. In the following systems of booster 
control, only a single field winding is provided, and this winding is 
excitetl from the main bus-bars through an automatic field r^^lator 
which varies the field current to produce the necessary booster E. M, F. 
as the load on the tine changes. The booster armature is connected 




V\t- M. Eiliemal CoDtrol Differential Doost«r System. 

in series with the battery and ' generator as heretofore. Figs. 34 
and 35 show diagrammatically the connections of the differential and 
constant-current systems arranged on this jJan. 
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LianTiNQ Bus Oars 
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Power Bus B*A& 



Fig, 3S. Kxumal CodCtoI OonsUiDt-CuiTent System. 

These externally controlled booster equipments are the system 
employed by the General Storage Battery Company, and in one of 
these constant-current systems the following excellent regulation was 
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obtained : The load across the power bus-bars was a rapidly fluctuat- 
ing one, varying instantly from zero to 2,500 amperes, while the- 
average current required amounted to only 150 amperes. With no 
load across the power bus-bars, the booster passed 150 amperes from 
the generator to the battery, tending to charge the latter; with a 
sudden increase of power demands from zero to 2,500 amperes, the 
generator current rose to a value of only 159 amperes. This example 
brings out the definition of a constant-current booster — that is, it 
should be one which maintains a practically constant power load on 
the generator. 
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COHHECIIONS OF THREB-POLB TWO-COIL I-T-B CIRCUIT BRBAKEB. 

For tlie pTotecllon o( Three-Pbase Allematlns Currenl Motor- ' 
Tbe Ciiltpr CompBQir. 
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POWER TRANSMISSION. 

ELECTRICAL. 



The subject of power tranBtnisgion is a very broad one ; deal- 
ing with the transmiseioQ and diatribtition of electrical energy, as 
generated by the dynamo or alternating-current generator, to the 
receivers. The receivers may be lamps, motors, electrolytic cells, 
etc. Electric distribution of power is better than other systems 
on account of its superior flexibility, efficiency, and effectiveness ; 
and we find it taking the place of other methods in all but a very 
few applications. For some purposes the problem is compara- 
tively simple, while for other uses, such as supplying a large 
system of incandescent lamps, scattered over a comparatively large 
area, it is quite complicated. As with other branches of electrical 
engineering, it is only in recent years that any great advances 
have been made in the means employed for transmission of elec- 
trical power, and while this advance has been very rapid, there is 
still a large field for development. 

In a study of this subject the different methods employed 
and their application, the most efficient systems to be installed for 
given service, the preparation of conductors and the calculation 
of their size, together with the proper installation of the same, 
should be considered. 

CONDUCTORS. 

Material Used. Power, in any appreciable amount, is trans- 
mitted, electrically, by the aid of metal wires, cables, tubes, or bars. 
The materials used are iron or steel, copper and aluminum. Other 
metals may serve to conduct electricity but they are not applied 
to the general transmission of energy. Of these three, the two 
latter are the most important, iron or steel being used to a consid- 
erable extent only in the construction of telephone and telegraph 
lines, and even here they are rapidly giving way to copper. St«el 
may be used in some special cases, such as extremely long spans 
in overhead construction or for the working conductors for rail- 
way iDstallations using a third rail. Phosphor bronze has a lim- 
ited use on account of its mechanical strength. 
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Copper and ainminnm are used in the commercially pure state 
and are selected on acconiit of their conductivity and comparatively 
low coBt. The use of aluminum is at present limited to long-dis- 
tance transmiseion lines or to targe bns-bars, aDd is selected on 
account of its being much lighter than copper. It is not used for 
insulated conductors because of its comparatively large cross-sec- 
tion and consequent increase in amount of insulation necessary. 

TABLE I. 
Copper Wire Table. 




211,600 


.00004898 


.00005467 


.00006058 


187,800 


.00006170 


.00000898 


.00007040 


133,100 


.00007780 


.00008692 


.00009688 


10.S,500 


.00009811 


.0001098 


.0001215 


8.^,090 


.0001237 


, 0001382 


.0Q0im2 


66,870 


.0001S60 


.0001743 


.0001982 


52,(130 


.0001967 


.0002198 


.0002435 


41,740 


.0002480 


.0002771 


.00O.TO71 


38,100 






.0003373 


28,260 


.000^4 


.0004406 


.0004883 


20,820 


.0004973 


.0005556 


.0006158 


16,610 


.O0OB271 


.0007007 


.0007765 


18,090 


.0007908 


.0008885 


.0009791 


10,880 


.000097a 


.001114 


.001235 


8,284 


.001267 


.001406 


.001657 


6,580 


.001.S86 


.001771 


.001968 


5 J 78 


.001999 


.002284 


.002478 


4,107 


.002621 


.002817 


.008122 


8,2o7 


.003179 


.003562 


.003936 


2.688 


.004009 


.004479 


.004964 


2,048 


.00.6056 


.006648 


.006269 


1,624 


.006S74 


.007122 


.007892 



Resistance. The resistance of electrical conductors is ex- 
pressed by the formula: 



K = total resistance of the conductors considered. 
L = leiigth of the conductors lu tbe uuils elioeeii. 
A ~ area of the conductors Id the units clioMen. 
/ = a oonstant depending on tbe material used and o 
units selected. 
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For cylindrical condnctors, L is usually expressed ni feet and 
A in circular mils. By a circular mil is meant tbe area of a circle 
.OUl inches in diameter. A square mil is the area of a squnre 
whose sides measure .001 inches and is equivalent to 1.27 circular 
mils. Cylindrical conductors are designated by gauge number or 
by their diameter. Tbe Brown & Sbarpe (B. & 8.) or American 
wire gauge is used almost universally and the diameters corre- 
8[>onding to the different gauge numbers are given in Table I. 
Wires above No. 0000. are designated by their diameter or by 
their area in circular mils. 



TABLB II. 
Resistances of Pure Alui 





ReslsUBc 


« &C 75' p. 


A, W. G. 








Ohni. 1,000 ft. 


Ohms per mile. 


IKKN) 


.08177 


,43172 


(KHl 


. loaio 


.54440 


00 


,13001 


.68645 




.1038-1 


.8&-.15 




.20672 


1.091.^0 


2 


.26077 


1,37637 


:t 


-.32872 


1.7357 


4 


.41448 


2.18*5 


5 


.52268 


2.7597 


6 


.6)H10 


3.4802- 




.83110 


4.388.5 




1.0(W02 


5.535.5 


.9 


1.3213.5 


6.9767 


10 


l.(W(0(i7 


8.8000 


11 


2.1012 


n.inm 


12 


2.6197 


13.9900 


la 


3,3412 


17.642 


14 


4.3180 


22.800 


1.5 


5. 1917 


27.462 


10 


e.&im 


^.aea 


17 


8.4472 


44.602 


JJL. _. 


10.(!518 


60.242 



A convenient way of determining the size of a conductor from 
its gauge number is to remember that a number 10 wire has a 
diameter of nearly one-tenth of an inch and the cross-section is 
doubled for every three sizes larger (Nos, 7, 4, etc.) and one-half 
a8 great for every three sizes smaller (Nos. 13, 10, etc.). 1,000 
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feet of number 10 copper wire has a reeistaiic*) of 1 obm and 
weighs 81.4 poandfl. 

When^/ifl expressed in tornia of the mil foot, a wire one foot 
in length having a crosa-aection of one mil, ita value for copper of 
a pnrity known aa Matthlessen's Standard, or cop[)er of 100% 
conductivity, la 9.580 at 0"^ C* For ahiminnni its value ia given 
as 16.3 for aluminum OU.5% pure. Table II gives the reaiatance 
of aluminum wire. 

This ahowB the conduotivityof aluminum to be almut G3% of 
that of copper. The conductivity of iron wire ia abont ^ that 
of copper. 

Matthiessen's standard is based on the resistance of copper 
supposed, by Matthiessen, to be pure. Since his experiments, im- 
provements in the refining of cop[>er have made It possible to produce 
copper of a conductivity exceeding 100%. Copper of a conductivity 
lower than 98^ is seldom used for power transmission purposes. 

Temperature Coefficient. Tlie specific resistance (resistance 
per mil foot) ia given for copper as y.CSfJ at 0° Centigrade. Its 
resistance increases with the temperature according to the approx- 
imate formula: 

R^=R^{1 + at) 
where R, = Reaiatance at temperature f , Centigrade. 

R„ = " " 0' 0. 

a = .0042, commercial value. 

The value of a for aluminum does not differ greatly- from 
this. It is given by Kempe as .0039. 

Weijht, The specific gravity of copper is 8.89. The value 
for aluminum is 2.7, showing aluminum to weigh .607 times as 
much aa copper for the same conductivity or resistpnce. It is this 
property which makes its use desirable in special cases. Iron, as 
used for conductors, baa a specific gravity of 7.8. 

Mechanical Strength. Soft-drawn copper has a tensile 
atrength of 25,000 to 35,000 lbs. per sq. in. Hard-drawn copper 
has a tensile strength of 50,000 to 70,000 lbs, j)er sq. in,, depending 
on the size; the lower value corresponding to Nos. 0000 and 000. 

I for the mil foot vary troia lO.T 
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Alnminum has a tensile strength of about 33.000 lbs, per Bq. 
in, for bard-drawn wire ^ inch in diameter. 

Effects of Resistance. The effect of reeietance in condnctoni 
ie three-fold. 

1. There 1b a drop in voltage, determined ttom Ohm's law, 

I=-^-orE=IR. 

2. There la a Iobb of energy proportional to the resistance and the 
square of the current flowing. Loea In watts = I'B = -«- 

3. There is a heating of the conductors, due to the energy lost, and 
the amount of beating allowable depends on the material surrounding the 
coaductoia. The drop In voltage or the heating limit Is usually more Im- 
portant In thedeslgnofa transmission system than the loss of energy. 

Capacity of Conductors for Carrying Current. The tem- 
perature of a conductor will rise until heat is lost at a rate equal 
to the rate it is generated so that a conductor is only capable of 
carrying a certain current with a given allowable temperature rise. 
The limit of this rise in temperature is determined by fire risk, or 
injury to insulation. A general rule is that the current density 
should not exceed 1,000 amperes per square inch of croas-eection 
for copper conductors. Tliie value is too low for small wire and 
too high for heavy conductors, and it is governed" by the way in 
which the conductors are installed. This value serves for bus-bars 
where the thickness of the copper used is limited to ^-ineh. 
Curves shown in Fig. 1 are applicable to switchboard wiring, and 
Table VII of "Electric Wiring" gives safe carrying capacity of 
conductors for inside wiring. Ferrine givi^ the following table 
showing the class of conductors to be used under various conditions: 

TABLE III. 
Conductors for Various Conditions. 



RefprencB Rererenee 

No. npiDBrkFi. No. Kemarks. 

1. Not allowed. 8. In Insulating tubes'. 

2. Clear spaces. 9. In wood moldings. 

3. Through trees. 10. Without further precaution. 
i. On glass Insulators. 11. If neueasary. 

6. On potcelabi knobs. 12. Below 360 volU. 

6. lu porcelain cleats. 13. At>ove 350 volts. 

7. In wood cleats. 
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Insulation, in the form of a coveriiiff. is required for elec- 
trical conductors in all easeit with thefxteplion of switchboard bue- 
bsra and connections and wires ucefl on [Ktle lines, and even thest) 
are often inBulated. It may serve merely to keep the wires from 
making contact, as is the case with cotton or silk-corered wire. 
AgniD, the wire may be covered with a material hsTing a high 
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specific reBJBtaDce but being weak mechaDically, and this combined 
with a material serving to give the oeceseary strength to the insu- 
lation. For this purpose yaroB are used as the mechanical sup- 
port, and waxes and aspbaltum serve for the inenlation proper. 



Fig. 1. 

Annunciator wire is coverwl with heiivy cotton yarn saturated with 
paratiine. The so-called Underwriter's wire is insulated with cot- 
ton braid saturated with white paint. Asphaltum or mineral wax 
is ub(:k1 for insulating Weatherproof wire. It may be applied in 
several ways, the Iwst insulation being made by covering the con- 
ductor with a single braiding laid over asphaltum and then passing 
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the covered wire throngh the liquid iDsulation, at the same time 
applying two cotton braids, and tiniabiiig by an external application 
of ssphaltuni and polishing. The most complete insulation is made 
up of a material which gives the most perfect insulation and which 
is strong enough, mechanically, to withstand pressure and abrasion 
without additional aup|H>rt. 



Fig. 1. 

Qutta Percha and India Rubber, Gutta percha is usi-d for 
Bubnmrine cables, but rublwr is the insulating material most used 
for electrical conductors. Gutta ptsrcha cannot bo used when ex- 
posed to air, as it deteriorates rapidly under such conditions. 
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Rubber, when used, is vulcanized, and great care is necessary in 
the procTss. This vulcanized rubber is usually covered with braid 
haviiiga polished asphaltum surface. The insulation of high- tension 
cables will be considered in the topic, " Underground Constrnction." 

DISTRIBUTION SYSTEMS. 

Distribution systems maybe divided inUiseries systems, ^^a?"- 
all'jl systems, or combinations, such ns^series-parallel or parallel- ' 
series systems. Various tranalating devices may be connected in 
circuit, changing from one system to the other, and the parallel 
system may be divided into siiiffle and inultiple-circuit systems 
commonly known as ^wo-wire and three-, or Jive-icire aystema. 

Series Systems are applied to series arc lighting, series incan- 
descent lighting, and to constant-current motors driving raachin. 
ery, or generators fe"eding secondary circuits. They serve for both 
alternating and direct currents. Fig. 2 shows the arrangement of 
units in this system. The current, 
generated by the dynamo D, paasea *Ay — * — *■ 
from the positive brush A (in direct, 
current systems) through the units 



L in series to the negative brush B. p, ^ 

For lighting purposes, this current 

has a constant value and special machines are used for its gener- 
ation. The voltage at the generator depends on the voltage required 
by the units and the number of units connected in service. As an 
example, the voltage allowed for a direct. current open-arc lamp 
and its connections may be taken as 50 volts. If 40 lamps are 
burning, the potential generated will be 50 X 40 = 2,000 volts. 
The number of units is sometimes great enough to raise this poten- 
tial to 6,000 volts; but by a special arrangement of the Brush arc 
machine, known as the multiple-circuit arc machine, the potential * 
is BO distributed that its maximum value on the line is but 2,000 
volts, provided the lamps are equally distributed, while the total 
electromotive force generated is 6,000 volts, when -the machine is 
fully loaded. 

The machine is supplied with three commutators and the 
lamps connected as shown in Fig. 3, which also shows the distri- 
bution of potential. 
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All calculatioDB for series systems ara simple. The drop in 

voltage is obtaiDed from Ohm's law, I = y . A wire smaller than 

Ho. 8 Bboald never be UBed for line conetrnction, as it wonld not 
be strong enongh meclianically, even though the drop in voltage 
with its use should be well within the limit. 

The current taken by arc lamps si'ldom exceeds 10 amperes. 
For serieB incandescent lighting, the current may l>e lower than 
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this, having a value from 3 to 4 amperes. Special devices are nsed 
to prevent the breaking of a single tilament from putting out all of 
the lights in the system and automatic short-circuiting devices are 
used with series arc lamps for accomplishing the same purpose. 
As an example of the calcnlation of series circuits, required 
the drop in voltage and loss of energy 
in a line four miles long and composed 
of No. 8 jvirc, when the CDrrent flowing 
in the line is 9.fJ amperes. From Table 
1 we have a resistance of .(K)07007 ohm 
|)er foot for No. 8 wire at 50° C. This 
gives a resistance of 3.7 ohms per mile, 
or a resistance of 14.8 ohms for the cir- 
cuit. The drop in voltage from Ohm's 
law equals current times resiataoce or 
eiiuals y.tl X 14.8 = 143 volts. The 
loss in energy equals the square of the current times the resistanse, 
equals 9.G' X 14.8 = l.iJ(i4 watts. If the circuit contains 80 lamps, 
each taking 50 volts, the total voltage of the system is 4,142 volts, 

142 
and the percentage drop in pressure is jri^ = 3.43%. 
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Fig. 4. 
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Parallel Systems of DUtiibation. Id the parallel or "mtil- 
tiple-arc" ByBtom of dietribntion, the lamp or niotoreara BDpplied 
with a conBtan t potential, and^the cnrrent Bupplied bj the geoeratore 
iBtfaeBom of the currents taken by each traoBlating device. There 
are sereral methode of distribution applicable to this sjBtem, each 
one having eome characteristic which makes its use desirable for 
certain installations. The usual arrangement is to run condactorB 
known as "feeders" out from the station, and coonected to these 
feeders are other conductors known as mains, to which, in turn, 
the receivers or translating devices are connected. Fig. 4 is a 
diagram of such a "feeder and main" system.^ 

The feeders may be connected at the same ends of the mains, 
known as parallel feeding; or they may be connected at the opposite 
ends of the main, giving ua the anti-parallel Bjstem of feeding. 
The mains may be of aniform cross-section thronghout, or they 
roay change in size bo ae to keep the current density approximately 
constant. The above conditions give rise tof our possible combi- 
nations,' namely : 

r. Cylindrical conductors, parallel feeding. Fig. 5. 
II. Tapering conductors, parallel feeding. Fig. 6, 

III. Cylindrical conducturs, anti-parallel feeding. Fig. 7. 

IV. Tapering ooaduclorB, anti-parallel feeding. Fig. 8. 

The regulation of the voltage of a system ie of particular im- 
portance when incandescent lamps are supplied; and the calcula- 
tion of the drop in voltage to lamps connected to mains supplied 
with a constant potential should be considered. Without going into 
detail as to the methods of derivation, we have the following for- 
niulse which apply to the above combinations when the receivers are 
uniformly distributed and each taking the same amount of current, 
(cylindrical conductors, parallel feeding. 

Tapering conductors, parallel feeding, 

D = 2 lib-. II 

Cylindrical conductors, anti-parallW feeding, 

TajifiiiifX coiKiiK'tors, anti-parallel fi-wliu^f. 

P = 0, . ' IV 
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where D = difference between potentials applied to different lamps. 
li = resistance of conductors per anit length at feeding 
point This will be a constant quantity for cylindrical conductors, 
but will change for tapering conductors, having its minimum value 
at the feeding point, and its maximum value at the end of the main. 
I = current in main at feeding point, or point at which the 
feeders are connected to the mains. In Figs. 5, 6, 7, and 8 the 
mains only are shown in detail. 

X = distance from feeding point to the particular lamps at 
which the voltage is being considered. 
L = length of main. 
For Cases I and II the maximum difference of potential is 
found where ic = L, that is, 
at the lamps located at the 
end of the mains. 

For Case III the maxi- 
mum difference of potential 

L 
, or 

at the lamp located at the 
middle point of the mains.- 

For Case IV the potential 
on all of the lamps is the 
same, hut the difference be- 
tween the voltage on the 
feeders and the voltage on 
the lamps is equal to RI L. 
^' Forunequaldistributionof 

receivers and special feeding 
points the drop in voltage can be calculated by the aid of Ohm's 
law, but this calculation becomes quite complicated for extensive 
systems. It usually is sufficient to keep the viaxhnum drop within 
the desired limits when designing electrical conductors for lighting, 
being careful not to exceed the safe carrying capacity of the wires. 
The drop in voltage on the fei^ders may be calculated directly 
from Ohm's law when direct current is used, knowing the cur- 
rent Sowing and the dimensions of the conductors used. 
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Additional formulae are given in "Electric Wiring," whicii 
will aid in determining the Bize of wire to be used for a given 
inBtallation. 

A3 examples of calculation we have the following: 
System consists of 20 lamps, each taking .5 amperes. L = 80 
feet. R = .01 ohm per foot at feeding point. Find the maximum 
difference of potential on the lamps in each of the first three cases. 

I = 20 X .5 =. 10 amperes. 

Case I. D = '^^ ^ 80 ^ ^^ ^ ^^*^^ " ^*^* = ^ ™'^-' 
Case II. D = 2 X .01 x 10 X 80 ^ 16 volts. 

.01 X 10 X -g- , Q(j. 

Case III. D = ^^^ x(80 - ^)= 2 volts. 

InCaeelV" the differeuce in potential applied to the lamps and 
the potential of the feeders flould be .01 X 10 X 80 = 8 volts. 

Again, with the maximum allowable drop giren, the resist- 
ance of the wires at the feeding point may bo determined. For 
taj)eriug conductors, the current density is kept approximately con- 
stant by using wire of a smaller diameter as the current decreases. 
Thus supposing, as in the case considered, that the resistance at 
the feeding point was .01 ohm per foot. At a distance of 40 feet 
from the feeding point the current would be only J of 10 or 5 
amperes and the size of the wire would be one-half as great, giving 
it a resistance at this point of .02 ohm per foot. 

Feeding Point, In order to determine the point at which a 
system of mains should preferably be fed, that is, the point where 
the feeders are attached to the mains, it is necessary to find the 
electrical center of gravity of the system. The method employed 
is similar to that used in determining the best location of a power 
plant as regards amount of copper required, and consists of sepa- 
rately obtaining the center of gravity of straight sections and then 
determining the total resultant and point of application of tliis 
resultant of the straight sections to locate the best jwint for feed 
ing. Actual conditions are often such that the system cannot be 
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fed at a point bo determined, but it is well to run the feeders as 
close to this point as is practical, aa less copper is then required 
for a given drop in potential. 

Consider, as an example, a system such as is shown in Fig, 9. 
The number of lamps and location of the same are shown in this 
figiire. The loads, A B C I), may be considered as concentrated 
at A', a point 33.8 feet from I and eijnal to A + B + C + U. 
This point is obtained as follows; 

A+I= SO." = '"'■ "^ + ^ = *»"• . = 1M.3 !«,.. 

CV = Vy: 16./ = 20j'. X' + !/■ = 300. »' = 285.7 teet. 

C + D = 33. 

(* + =>f„='(^ + ''>'■■■ -■■ + ^• = ''32.4. ,..^3,„-,^, 

A + B + C4-I> = G5 
A' is 6.2 feet from or 3.3.8 feet from I. 

E and F may be combined to form a group of 30 lamps and 
the resultant of E, F, G, and II is 70 lamps located at B', a point 
310 feet from J, this point being located in the same manner as 
A'. Similarly we find the resultant of the loads at A' and B* to 
be 135 lamps located at C, a point 331.1 feet from I, and the 
proper feeding point for the system. 

A' = 65 lights, 33.8 feet from 1. 
B' = 70 lights, 310 feet from J. 
• Distance IJ = 360 feet. 

Distance from A' to B' ^ 360 ■)- 310 -|- 33.S :r^ 703.8 feet. 

05^ = 70^. 

X + y= 703.8 feet. 

ic = 304.9 feet. 

364.9 - 33.8 =-- 331.1 fwt. 

The above is a simple definite case. Should the toad be 
variable, the proper feeding point will change with the load, and, 
in extensive Bvetems, the location of this point can be obtained 
approximately only. The same method of calculation is employed 
in locating the points from which snh-feeders are nin out from 
the terminals of the main feeders as is the case in large systema. 
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tLe voltage being maintained constant at the point where the Bub- 
feedere are coooected to the feeders. 

Good practice shows the drop in potential to be within tlie 
following limits: 

From feeding poiuta (points where Bub-feedera 

ormalDsareattacb«d) tu lamps 6 percent. 

Lobs In sub-reedere 3 " 

Lobs in mains 1.6 " 

Loea in service wires 0.5 " 

The actnal variation in voltage should not exceed S^f,. 
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In Series-Multiple and Multiple-Series Systems, gronpa of 
nnite, connected in multiple, are arranged in series in the circait, or 
groups of units are connected in series and those, in turn, con- 
nected in multiple, respectively. The application of such eystehia 
is limited. They are used to some extent in street -lighting when 
incandescent lamps are used. 
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MULTlPLe-WIRE SYSTEMS. 



The Three-Wire System. We bave seen that in any eyatem 
of coiiductore the power lost is equal to I'll. For a given amount 
of power transmitted (IE) the current varies inversely with the 
voltage and conBe(]uently the amount of power lost, which is 
directly proportional to the square of the current, is inversely pro- 
portional to the sijuare of tlie voltage. Hence, for the same loss 
of j)Ower and the same percentage drop in voltage, doubling tlio 
voltage of the syHtoin would allow the resistance of the condnctora 
to be made four times as great, ftt)d wire of one. fourth tlie crosa- 
section or one-fourth the 
amount of copper would be 
required. The voltage for 
which incandescent lamps, 
Fig, 10. having a reasonable efficiency, 

can be economically manu- 
factnred is limited to 230, while the majority of them are made 
for 110. In order to increase the voltage on the system, a special 
connection of such lamps is necessary. The three. wire and five, 
wire systems are adopted for the purpose of increasing this voltage. 
Fig. 10 shows a diagram of a three-wire system. Consider the 
conductor B removed, aiid we have a series-multiple system with 
two lamps in series. This arrangement does not give independent 
control of individual lamps, atid the third wire is introduced to 
take csre of any unlmlancing 
of the number of lamps or ^ _^ 

units connected on either side Q ic? 

of the sysjem, and to allow (-''^~ lAiiii lAifS 

more freedom in the location -^I^ j__l_[__Lx. 

of the lights. The current Fig. 11. 

flowing in the conductor B, 

known as the neutral conductor, depends on the difference of the 
currents required by the units on the two sides of the system. 
Fig. 11 shows a system in which the loads on the two sides are 
unequal, an unbalanced system, with tiie value of the current in 
the neutral wire at different pohits. Each unit is here assumed 
to take one ampere. 
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Ab stated above, were no neutral wire required, the amount 
of copper necessary for a syBtem with the lamps connected, two in 
Beries, for the same percentage drop in voltage would be one-fourth 
the amount necessary for the parallel connection. This maybe 
shown as follows: The current in the wire in the first case is one- 
half as great, so that the voltage drop would be divided by two for 
the same size wire. 
The voltage on the ays- 
tern is twice as great, 
so that, with the same 
percentage regulation, 
the actual voltage drop 
would be doubled. 
Consequently wire of 
one-fourth the cross- 
section and weight may 
be used. If the neutral 
wire is made one-half 
the size of the outside 
conductor, as is usually 
the case in feeders, the 
amount of copper re- 
quired is -jS, of that 
necessary for the two- 
wire system. For 
mains it is customary 
to make all three con- 
ductors the same eSyje, 
increasing the amount 
of copper to I of that required for a two-wire system. For a five- 
wire system with all conductors the same size, the weight of copper 
necessary is .15R times that for a two- wire system. 

Mnltiple-wire systems have no advantage other than saving 
of copper, except when used for multiple- voltage systems, while 
among their disadvantages ihay be mentioned: 

{'ompllcBtlun of geiiemtiii^ apparatus. 

CuniplfcatluD of insCruniente and witin);. 

Liability to variation in voltage, due to uubalauclug uf load. 




Fig. 12. 
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Fig. 12 shows aome of the methods employed id generating 
current for a three- wire Byetein. 

A. Two dynamos connected In seriM, tbe usual method 

B. A double dynamo; 

0. Bridge arrangement, using a reslstanoe B wltb the neutral ooo- 
nection amoged so as to change tbe value of resistance in eltber side of 
the system. Has the disadvantage of continuous loss of energy In B. 

D. Storage battery connected across tbe line witb neutral connected 
at middle polut. 

K. tSpeclal dynamo supplied with three brushes. 

F. Special machine bavlog collector rings, across which is con- 
nected an impedance coll, tbe neutral wire being connected to the middle 
point of this coll. 

G. ('ompensatorB or motor-generator set used In connection with 
generator. Tbe motor-generator aet is known as a balancer set. 

Compeneatora are uBually wound for about 10'^ of the capac- 
' ity of the machine with which tliey are used. Id the motor-gen- 
erator aet, one side becomes a motor or generator depending on 
whether the load on that side is less or greater than the load on 
the opposite aide. 

Voltage Resulatlon of Parallel Systems. It ia customary to 
keep the voltage on the mains constant, or as nearly ao aa posaible, 
at the point where the feeders are attached. Where but one aet 
of feeders is run out from the station, this may bo readily avcom- 
plishod by the use of over-coitijKtundifl dynamos, adjusted to give 
an inci-ease of voltage equal to the drop in the feeders at different 
loads. Again, the field of a shunt-wound generator may be eon- 
trolled by hand, the pressure at the fe*!ding points l)ehig indicated 
by a voltmeter connected to pilot wires running from the feeding 
point back to the station. 

When tbe system is more extensive, se[>arate regulation of 
different feeders is necessary. A variable resistance may be placed 
in series with separate feeders, but thia is undesirable on account 
of a eonstiint loss of energy. Feeders may be connected in along 
a system of mains and one or nmre of these switched in or out of 
service as the load changes. Bus-bars giving different voltagea 
may be aranged so that the feeders can he changed to a higher 
voltage bar as the load increases. Boosters — series dynamos — may 
be connected in series with separate feeders and these may be ar- 
ranged to regnlate the voltage automatically. The uae of boostei's is 
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not to l>e reco 111 mended except for a few very long feeders, and tl)en 
llie total capacity of booatere ahonld equal but a Biiiall percentage 
of the station output if the efficiency of the ByBteni as a whole is 
to remain high. Fig. 13 is a dingram of a eyetem using different 
methods of voltage rt-gulation. 

Alternating-Current Systems of Distribution may bo claBsi- 
fied in a mauaer similar to direct-current systems, that is, aa series 
and parallel systems; but in addition to these we have a classilica- 
tioD depending on the number of phases used, such as single-phase, 
quarter- or two-2>ha8e and three-phase systems. 

The Series System may consist of a simple series circuit fed 
by a constant-current generator, or it may be fed by a constant- 
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Fig. 13. 

current transformer, the primary of which is supplied with a con- 
stant potential, the secondary furnishing a oonetant current. For 
a description of such s transformer, see "Electric Lighting". 
Again, the current may be maintained constant by means of a con- 
stant-current regulator, such as is described in "Electric Light- 
ing". Constant-current alternators are seldom used, the two latter 
forma of .regulation Ijeing applied to most series installations. The 
principal application of series alternating-current systems is to 
street- lighting. Parallel- series alternating-current systems are 
sometimes used for street- lighting with incandescent lamps. 

Parallel Systems, using alternating current are also analo- 
gous to parallel aystema using direct ciin-ent, though the receivers, 
especially if lauipa, are seldom connected directly to the leads com- 
ing from the station, but are fed from the secondaries of constant- 
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potential transformers, which are connected to the lines in parallel, 
and step down the voltage. The readineBS with which the voltage 
of such syBtems may be changed by tneane of suitable transformers 
is the chief advantage of the single-phase systems. The voltage 
may be generated at, or transformed up to, a Ligh value at the 
station, transmitted over a considerable distance over small con- 
ductors with a small loss of energy, and then transforindd to the 
desired value for the connected units. Transformers may be readily 
constructed to furnish voltage for a three- wire secondary distribu- 
tion. Fig. 14 is a diagram uf a single-phase system supplying 
power to both two-wire and three-wire systems. Two separate 
transformers are used for obtaining the three- wire system, in one 
case, and a transformer, supplied with a tap connected to the mid- 
dle point of the secondary, is used in the other case. 

The regulation of voltage for alternating-current systems may 
be accomplished, as in direct -current installationB, by means of 
compounding ("conipoBite-wound alternators"), hand regulation, 
or resistance or reactance connected iu series with the feeders. "In 
addition, the feeders may be controlled by means of special regu- 
lators such as the Stillwell Regulator, or the "C R" Regulator, 
which consist of transformers with the primary coil connected 
across the line and the secondary in series with the line, and so 
arranged that the number of turns in one or both windings may 
be varied; other fonns of regulators are the magnetic regulator 
and the induction regulator. 

Polyphase Systems. Polyphase systems of distribution are 
used where motors are to be run from the circuits; also for long- 
distance transmission lines partly on account of the saving in cop- 
per. Polyphase generators may be constructed more cheaply, for 
a given output, than single-phase machines because of a better 
utilization of the winding space on the armature; while single- 
phase motors, except in small sizes, or series motors as applied to 
railway work, are not entirely satisfactory. Two-phase and three- 
phase systems are the only ones that are in common use for power. 
transmission, three phases being used for long-distance transmis- 
sion lines. Six phases are used for rotary converters only, the 
capacity of the machines being greatly increased when connected 
six- phase. 
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The amonnt of copper required for the different systems, 
assuming the weight of copper for a single phase two-wire ByBtem 
to be lOO'/t, is as follows: 

Single-phase two-wire syateiuB 100 percent 

" " three-wire " {Neutral wiresame 

she as outside wires) 37.5 " 

Two-phase fourrwire syBteni 100 " 

" " three-wire " 72.9 " 

Three-phase three- wire system jn " 

" " four-wire " 83.3 " 



This assumes the voltage on the receivers to be the same in 
every case, the maximum voltage having different values, depend- 
ing on the system used. The three- 

phase three-wire system is preferable J , 

to the two-phase three-wire system 
for most purposes. In the three- 



L_ 



B= 






t^ 



^ 



m> 



Fig. 14. 



Fig. 15. 



pliase four-wire system the maximum voltage is V^ 3 times the 
voltage on the receivers. Were the same maximum voltage allow- - 
able as in the three-phase three- wire system, the amount of copper 
for the three-phase four-wire system would bo | that required for 
the three-phase three-wire system. Fig. 15 shows, diagrammatic- 
ally, the connections of the different systems. 

As an example of the way in which the relative amounts of 
copper are calculated, take the three-phase three-wire system. 
Assume the amount of power trsnsmitt^ to be Pand the percent- 
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age I0B8 of energy to hej>. Let E = the voltage on the receiver, 
I :^ the current flowing in s single conductor, single-phase ayeteni, 
and r -= current in a single conductor, three-phase Bystem. We 
have for the single-phase two-wire systeni, 

P - IE, 

for the three-phase three- wire syatetn, 

P = 1^3 I'E 
IE = l'3rE 

Tlie loss in energy in the. two-wire system = ^> P = 2 PR, 
when It =^ resistauce of one conductor. Tlie loss in energy in the 

three-phase system =^ p P =^ 3 I''R'. 

Substituting — ^ for I', we have 

2 PE = i™'or 2 K = E'. 

The amoant of copper is. inversely proportional to the resist- 
ance of the conductor, so that if W ^^ weight of one conductor for 
single-phase system and W — weight of one conductor for three- 
phase system, "W = 2 \k^'. 

Two conductors are required in the first case = 2 W. 

Three conductors are required in the second case = 3 W. 

2 W .-. 2 W. 

3W' 3 W 



" 2 W 



= 1 = 75^. 



TRANSniSSION LINES. 
Capacity. Conductors used for the transmission of power 
form, with their metallic shields, with the ground, or with neigh- 
boring conductors, condensers, which, when the lino is long, have 
an appreciable capacity. The capacity of circuits is quite readily 
calculated, the following formula applying to individual cases. 
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TABLE IV. 

Capacity In nicro-Farads Per Mile of Circuit for Three-Phase 

System, 



B, is. 


Dlatn. 
iD 


m Inch 


0000 


.46 


12 

18 

48 


000 


.41 


12 
18 

24 
48 


00 


.S6S 


18 

24 
48 





.326 


12 
18 

24 
48 


1 


.a*» 


18 
24 

4H 


" 


.iw 


12 
18 
24 
48 


^ 


.±3* 


12 
18 
24 

48 



C^S^ltj 




in£.F. 


B.4S 


.0220 
.0204 
.01922 
.01474 


4 


.0218 
.01082 
.01878 
,01688 


fi 


.0124 
.01»46 
.01832 
.01604 


8 


.02078 
.01898 
.01642 
.01670 


7 


.02022 
.01H-i2 
.01748 
.0164 


8 


.01072 
.01818 
.01710 
.01510 


a 


.019H8 
.01766 

.01672 
.01480 


10 



^r- 


in inches. 


Capwlty 
inM-P. 


.204 


12 
18 
24 

48 


.01874 
.01726 
.01686 
.01462 


.182 


12 

18 
24 

48 


.01880 
.01690 
.01602 
.01426 


.162 


12 
18 

24 
48 


.01788 
.01654 
.01560 
.0140 


.144 


12 

18 
24 
48 


.01746 
.01618 
.01538 
.01374 


.128 


12 
18 

24 
48 


.01708 

.0168(i 
.01fi«8 


:il4 


12 
■ 18 

24 
48 


.01660 
.01552 
.01478 
.01326 


.1,^ 


12 
18 

24 
48 


.01636 
.01522 
.01452 
.01304 



C = ??^L^-l£ll j>er mile. luaulated cable with lead uhealli. 



i>er mile. ^lugle coiiduclur with eartb return. 



lOAt) V 10-' ■ 

C = lytil mile of circuit. Parallel o.uductore formlpg 

2A u metallic uircult. 
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: Capacity in inicro-famde. 
capacity in farads.) 



(Divide by 1,000,000 to give 



k = epecific inductive capacity of insulating material = 1 for 

air = 2.25 to 3.7 for rubber. 
D = inside diameter of lead aheaih. 
(/ ~ diameter of conductor. 
h — distance of conductors above ground. 
A = distance between wires. 

Common logarithms apply to these fonnulfe and C for a 
metallic cirooit is the capacity between wires. 

TABLE V. 
Inductance Per Mile ot Three-I^ase Circuit. 



^C 


DlIn.H,r 


Dlntnnce 


Self-lnduol- 


Size 




DU»n.. 


Self-lnauct- 
htfurys. 


B. Is 


miDch. 


(rtnmcbeH. 


li«nry«' 


H. AS 


lalucb. 


(i In inches. 


0000 


.48 


12 


.00234 


4, 


.204 


12 


.00280 






18 


.00256 






18 


.oo;»o 






24 


.00270 






24 


.oo:iis 






48 


.00312 






48 


.00368 


000 


.41 


12 


.00241 


5 


.1M2 


12 


00280 






IH 

24 


.00262 
.00277 






18 
24 


. 001123 






48 


.00318 






48 


,00366 


oil 


.:i6.j 


12 


.00248 


6 


.162 


12 


.00201 






18 


.00209 






18 


,00313 






24 


,0(rJ«5 






24 


.00;!29 






48 


.oo;«o 






48 


.00^69 





.;!2S 


12 


.002.54 


7 


.144 


12 


,00298 






18 


.00278 






18 


.OOIIIO 






24 


.002«.1 






24 


.00.3^ 






48 


.OOWl 






48 


.00^77 


1 


.:S*ii 


12 


.(HrJ!0 


8 


.128 


12 


.00303 






18 


.(KI2H1 






18 


.0OH23 






24 


.OO.'MW 






24 


.00!M1 






4S 


.00:lH8 






■ 48 


.00384 


2 


.i>8 


i;J 


.002(!7 


8 


.114 


12 


.00310 






18 


.00288 






18 


.003.12 






24 


.00304 






24 


.00348 






4» 


.00314 






48 


.00389 


8 


"29 


12 


.00274 


10 


.102 


12 


.00318 






18 


.00294 






18 


.00340 






24 


.00310 






24 


.00366 






48 


,00:-t61 






48 


.00390 
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If the capacity be taken between one wire and the neutral point 
of a system, or the point of zero potential, the capacity is given as: 

.0770 
C (in micro-farads) — zrr' V^^ "^''^ <*' circuit. 



Table IV gives the capacity, to the neutral point, of different 
size wire used for three-phase transmission lines. 

The eifect of this capacity ia to cause a charging current, 90' 
in advance of the impreeaed presaure, to flow in the circuit, and 
the regulation of the system is affected by this charging current as 
will be seen lateV. Capacity may be reduced by increasing the 
distance between conductors or in lead-sheathed cables, by nsing 
an insulating material having a low specific inductive capacity, 
such aa paper. 

Inductance. The self- inductance of lines is very readily cal- 
culated. Following is a formula applicable to copper or alumi- 
num conductors: 

L = . 000558 ["2.303 log (^) + .25] per mile of circmt when 
L ^ inductance of a loop of a three phase circuit in henrya. The 
inductance of a complete circuit, aingle phase, is equal to the 
above value multiplied by 2 -f- |/ 3. 

Self -inductance is reduced by decreasing the distance between 
wires and it disappears entirely in concentric conductors. Sub- 
dividing the conductors decreases the drop in voltage due to aelf- 
inductance but it complicates the wiring. Circuits formed of 
conductors twisted together have very little inductance. When 
alternating-current wires are run in iron pipes, both wires of the 
circuit must be run in the aame pipe, inasmuch as the self-induc- 
tance depends on the number of mt^netic lines of force passing 
between the conductors or threading the circuit, and this number 
will be increased when iron is present between the conductors. 

The effect of self- inductance in a circuit is to cause the current 
to lag behind the impressed voltage and it also increases the impe- 
dance of the circuit. 

The effect of aelf -inductance may be neutralized by capacity 
or vice-versa. The relative value of the two must be as follows: 
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C =' j.>5r*- ii ^^^° ^' *"*^ ^' *"* '" fii^Js *'"i Iipnrys respectively, 
hnd_f 18 tlie frequency of tbe Bystein. 

Mutusl-lnductance. By inutual-indnctance is meaot the in- 
ductive effect one circuit has on another sep- 
•A 'C arate circuit, ^'nerally a parallel circuit in 

power transmiBsion. An alternating current 
flowing in one circait eets up an electromotive 
force in a parallel circuit which is opposite in 
direction to the E.M.F. iinpreseed on the lirst 
■ "q "b circuit, and is proportional to the number of 

Fig m. '''^ ''"^^ **' force set up by the first circuit 

which thread the second circuit. 
The effects of mutual inductance may be reduced by increas- 
ing the distance l>etween the circuits, the distance between wires 
of a circuit remaining the same. This is impractical beyond a 
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FHr. 17. 

certain extent, if tbe circuits are to be run on the same pole line, 
BO that a special arrangement of the conductors is necessary. 

Figs. IG and 17 show such special arrangements. In Fig. 16 
AB forms the wires of one circuit and CD the wires of the other 
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circuit. Lines of force set ap by the circnit AB do not thread the 
circait CD, provided ABC and D are arranged at the corners of 
a square so that there is no effect on the circuit CD. In Fig. 17 
assume an E.M.F. to be set up in the portion of the circuit CD in 
the direction of the arrows. The E.M.F, in the section DE will 
then be in the direction of the arrows shown and the effects on the 
circuit AB will be neutralized, provided the transposition, as the 
crossing of the conductors is called, is made at the middle of 
the line. Snch transpositions are made at frequent intervals on 
transmission lines to do away with the effects of mutual inductance 
which, at times, might be considerable. When several circuits 
are run on the same pole line, these- transpositions must be made 
in Buch a manner that eacli circuit is transposed in its relation to 
the other circuits. Thus in Fig. 17 is also shown the transposi- 
tion of the circuits of a line composed of ten two-wire circnits. 

CALCULATION OF ALTERNATINQ-CURRENT LINES. 

In dealing with alternating currents, Ohm's law can be applied 
only when all of the effects of inductance and capacity have been 
eliminated, and, since this can seldom be accomplished, a new for- 
mula must be used which takes such capacity and inductance 
effects into account. Kot only the inductance or capacity ofthe 
line itself must be considered, but the nature of the receiver must 
be taken into account as well, when the regulation of the system 
as a whole is being considered. Tlie following quantities must be 
known in the complete solution of problems relating to alternating, 
current systems. • 

1. Frequency of the current used, 

2. Self-induction and capacity of the receivers. 
S. Belf-inductiou and capacity uf the lines. 

4. Voltage of, and current flowing Id, the lines. 

5. Beslstance ofthe various parts. 

Following is a set of formulee and an appropriate table for cal- 
culating transmission lines proper when using direct or alternating 
current and for frequencies varying from 25 to 125, and for single 
and polyphase currents. This table is issued by the General Elec- 
tric Company. 
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OENBRAL WIRING FORMULA. 

D X W X C 



Area of conductor, Circular Mils — r-Tij— 

J' X E' 

W X T 
Current in main conductors = - — — ■ 

W = Total watts delivered. 

D = Distance of tranamisBion (one way) in feet. 
jf = LoaB in line in per cent of power (/BZiWrerZ, that is, of W, 
E = Voltage between main conductors at receioiiuj or con. 
sitmer's end of circuit. 

For continuous current C = 2,160, T = 1, B = 1, and 

A = e.oi. 

__ 7^ X E X B 



Volts loss in lines 
Lbs. copper 



100 

D' X W X C X A 



j> X E' X 1,000,000 
The following formula will also be found convenient for cal- 
culating the copper required for long-distance three-phase trans- 
misaion circuits: 

r, n M"X K.W. X 300,000,000 

Lbs. Copper ^ =;- ■ 

^^ i> X E^ 

H is the distance of transmiseion in miles, K.W. the power 
delivered in kilowatts, and the power factor is assumed to be 
approximately 95^. 

APPLICATION OF FORMUUC. 

" The value of C for any particular power factor ie obtained by 
dividing 2,160, the value for continuous'current, by the square of 
that power factor for single-phase, by twice the square of that 
power factor for three-wire three-phase, or four-wire two-phase. 
The value of B depends on the size of wire, frequency, and 
power factor. It is equal to 1 for continuous current, and for 
alternating current with 100 per cent power factor and sizes of wire 
given in the following table of wiring constants. 

"The figures given are for wires 18 inches apart, and are suffi- 
ciently accurate for all practical purposes provided the displacement 
Id p^iase between current and E.M.F. at the receiving end is not 
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R.Ol 
12.08 

a.oti 


100 


Values of C. 




»,»,. 


Per Cent Power Pnaor. 






» 


" J " 


« 




2,im 

1,080 
1,080 


2,400 
1,200 
1,200 


2,680 
1,330 
1,330 


8,000 
1,500 
1.600 




Two-phase ( fiiur-wlre) 

Thre-pbaKe (thre»-wlrel . . . 


1,690 

l,f(90 






Values of T. 


SyBMin. 


Per Cent Power Factor. 




1.00 

.50 
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«6 eo ! M 
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BIngle-phaoe 
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.53 
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.59 
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000 
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1.66 


2.00 
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2.35 

2.06 
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2.48 


3.24 

2.77 


3.49 
2.H 


00 



l.W 
1.31 


1.52 
1,40 


1.60 
1 46 


1.66 
1.49 


1.86 

1.71 


2.18 
1.96 


2.40 
2.13 


2.57 
2.25 


1 

2 


1.24 

1.18 


1.30 
1.^3 


1-34 
1.25 


1.36 

1.26 


1.56 
1-4.". 


1.7.5 
1.60 


1.88 
1.70 


1.97 

1.77 


3 
4 


1.14 
1.11 


1.17 
1.12 


1.18 

1.11 


1.17 

1.10 


l..T> 
1.27 


1.46 
1.35 


■ 1.5,1 
1.40 


1.57 
1.43 


5 
6 


1.08 
1.05 


1.08 
1.04 


i.oe 

1.02 


1.04 

1.00 


1.21 
1-16 


1.27 
1.20 


1.30 
1.21 


1.31 
1.21 


7 
8 


1.03 
1.02 


1.02 

1.00 


1.00 
1.00 


1.00 
1.00 


1-12 

1-09 


1.14 
1.10 


1.14 
1.09 


1.13 
1.07 


9 

10 


i.nn 
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1.00 
1.00 


1.00 
1,00 


1,00 
1.00 


1.06 
1.04 


1.06 
1.03 


1.01 
1.00 


1.02 
1.00 
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very much greater than that at tlie generator; in other words, pro- 
vided that the reactance ot the line is not excessive or the line 
loss unusually high. For example, the constants should not be 
appli»^ at 125 cycles if the largest coudnctors are used and the 
loss 20% or more of the power delivered. At lower freqaeocies, 
however, the coastants are reasonably correct even under such 
extreme conditions. They represent about the true values at 10% 
line lose, are close enough at all losses less than 10%, and often, 
at least for frequencies up to 40 cycles, close enough for even 
much larger losses. Where the conductors of a circuit are nearer 
each other than IS inches, the volts loss will be less than given by 
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the fortnulte, and if close together, as with iimHiple-condnctor 
cable, the loss will be only that due to resistaDce. 

" The value ot T depends oa the system aod power factor. It 
ie equal to 1 for coiitinuone current and for single-phase current 
of 100 per cent power factor. The value of A and the weights of 
the wires in the table are based on .00000302 pound as the weight 
of a foot of copper wire of one circular mil area. 

" la uBiDg the above fonnulte and ooDBtaata, it should be particularly 
observed thatp stands for the percent loss in the lineofthedeltceredpotrer, 
not foi tlie per cent Joss in the line of the power at the generator; BDd that 
Els the potential at thedellveiy end of the line and not at the generator. 

"When the power factor cannot be more accurately determined^ 
it may be assumed to be as follows for any alternating system oper- 
ating under average conditions: Incandescent lighting and syn- 
chronous motors, 95^; lighting and induction motors together, 
85%; induction motors alone, fiO%. 

" In continuous-current three- wire systems, the neutral wire for 
feeders should be made of one-third the section obtained by the for- 
mulae foreitberof the outside wires. In both continuous and alter- 
nating-current systems, the nt^utral conductor for secondary mains 
and house wiring should-be taken as large as the other conductors. 

" The three wires of a three-phase circuit and the four wires of 
a two-phase circuit should all be made the same size, and each 
conductor should be of the cross-section given hy the first formula". 

IJnmerical examples of the application of this table, as well 
as of other formulfe, are given later. 

A better idea of the way in which the different quantities in- 
volved affect the regulation of an alternating-current line may be 
obtained from graphical repreBentation or from formulao which are 
not so empirical. Before taking up other methods of calculation, 
however, let us consider the meaning of power factor. 

By power factor we mean the cosine of the angle by which 
the current lags behind or leads the electromotive force producing 
that current. It is the factor by which the apparent watts (volts 
tim<& amperes) must be multiplied to give true power. The formula 
for power in a single-phase circuit is then, 

Power ^ IE coa ff when is the lag or lead angle; and for 
ihreo-phaae circuits. 
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Power = IE cos S VS wlifii I is the current flowing in a 
single conductor. 

For two-phaee circnits, balanwd load, this liecunies, 
Power = 2 IE cob 0; and, 

Power ^ 2 1^3 IE cos 9, for aix-pLas© circuite. 
For single and three-pliase circuits E is the volts^ between 
lines. For two-phase circuits it is the voltage across either phase, 
and for six-phase circuits it is the voltage across one phase of what 
corresponds to a three-phase connection. 

Considering the formula for single phase, we find that the 
current flowing in the line may be taken as made up of two com. 
pouents, one in phase with the voltage and one 90° out of phase, 
lagging, or leading, depending on conditions. In Fig. 18 let OE 
equal tlie impressed pres- 
sure and OC the current 
flowing. 6 = angleof lag. 
The current 00 may be 
resolved into two compo- 
nents, one in phase with 
*" OE = OB, and one 90 de- 

grees behind OE = BC. 
OB = OC cos and is known aa tlie active component of the 
current. 

BC — OC sin 6 and is known as the wattless component of 
the current. 

The capacity and inductance are distributee! throughout the 
line, that is, the line may be considered as made uj) of tiny con- 

j— — TflB'" — I — TW — I — TSf> — I — fwr — I — tbut-— I — 'ntr' — | — 'urt' — . 

Oiliilili 11 

y^"^ — TUTU' — I — Tfwi — I — ttf — I — 'CHIT'— I — Tinjv- ] TnjTi — I — ^tsw I 

Fig. 19. 

densers and reactance coils, connected at short intervala as shown 
ID Fig. Id. Considering the inductance and capacity as distributed 
in this manner, the regulation of a sj'Btem may be calculated, but 
the process is very difficult, and simpler methods, which give very 
close results, have been adopted for practical work. Probably the 
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metbode presented by Perrioe and Bsnm are as Bimple as any ex- 
cept those based on purely empirical formulffi. 

Tablee giving tbo capacity and inductaDce of lineB, tc^tber 
with the formulffi for the calculation of these quantities, have 
already been given. It hae also been stated that the effect of the 
capacity of a line Is to cause a charging current to flow in the line, 
this current being 90" iu advance of the impressed voltage. The 
value of this charging current is: 

^, . . . E y. C X 2iT X f . , . 
Charging current per wire = ;- — ^ ■-, single-phase. 

C =^ capacity jn micro-farads of one wire to neutral point. 
y = frequency of the circuit, 
E =^ voltage between wires.' 

Charging current, three-phase, = —^ or 1.155 X charging 
1/iJ 
current, single-phase. 

Since the voltage across the lines is not the same all along 
the line, the value of the charging current will not be the same, 
but the error introduced by assuming it to he constant Is not great. 
For our calculation, then, we assume that the charging current in 
an open -circuited lino is constant throughout its length, and also 
that the capacity of the line may be taken as concentrated at the 
center of the line. 



~r~ 



(loiisider a single-phase line such as issliowii diagram niatically 
in Fig. 20. 

I^t E^ = the voltage at the generator end of the line. 
E = the- voltage at the receiver. 
L = self induction of the line. 
I^, = charging current per wire. 

I = current flowing in the line due to the load on the 
line. 
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= angle by which the load carrent differs from the 

impreBeed voltage. 
R = reBiataDce of the line. 
e = drop in voltage in the line. 
<o = 2 ir/. 
•f ^' is a symbol indicating that the cnrreot ia 90° in 

advance of the pressure. 
-j indicates that the current is 90' behind the preesare. 

The expression, V IV -\- {^Z vfhf = VW + a,' L' may be 
represented by R + jLw, the factor +_;" indicating that the square 
root of the sum of the squares of these two qoantitiee must be 
taken to obtain the numerical result. The quantity^'' may be con- 
sidered as - 1. 

Taking the capacity of the line and considering it as a con- 
denser located at the middle of the line, we may assume the charg- 
ing carrent as flowing over only one-half of the line, or one-half the 
charging current may be considered as flowing over all of the line. 



The impedance of the line is equaltoV'li' + »" L'= R ■\- jhu. 
The power factor of the load = cos 6. 
The active component of the current is I cos 6. 
The wattless component of the current is - ^'I sin $ (-_/ indicat 
ing that the current lags M^ liehind the pressure). 

The charging current may Iw reprt'sented by + j -^. 

Then the drop due to the active component of tlie loud is 

I cos e (K -f jUo)- 
Tlie drop due to the wattless component of the load is 

-^'Isin ^(R + ^'Lft.). 
The drop due to the charging current is + J-^' (R -i-Jhm) 

Tlie total drop is equal to the sum of these three values = e, 
so that, 

E^ = E + « = I cos ^ (K + JLa) -jl sin (9 (R + JUt) 

Expanding this and sabstitutiug - 1 for^"' we have, 

360 Di„iz,db, Google 
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: E + I eOB 8 R + Jl cm eUo-Jl Bin S. + I bIr La> 



+ 4^R-^I- 



: + jl COB LtO, 

: + IL«fl sin 0, 



valaes plotted 



Eeferring to Fig. 21 we have these ^ 
graphically. 

ed = +lcOBe K, de -. 

ef = -jIK BID e, fg = 

on = E,. 

ab \B plotted 90° in advance of oa on account of the Bymbol 

ic is plotted in the opposite direction from oa on account of 
the negative sign. 

efia plotted downward on account of the Bjmbol -J. 



o-~r- ' ^a 



Fig. 21. 

If we let oa', Fig. 21, represent the current vector, then $ = 
angle of lag, and eg which equals IK is plotted parallel to oa' and 
ce = IL«B ia plotted perpendicular to oa'. 

It is seen from this that the charging cnrrent tends to pro- 
duce a rise in E.M,F. instead of a drop in pressure. 

The above takes into account only the constants of the line. 
In order to determine the regulation of a complete system, the 
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resistance, capacity, and inductance of the translating devices must 
be considered as veil. In Fig. 22 is shown s diagram of a com- 
plete system with both step-np and step-down transformers con- 
nected in service. The charging cnrrent may be considered as 
flowing through half of the system only, oamely, the generator, 
the aCep-up transformers, and one-half of the line. 



Fig. 22 
Let R| = the equivalent resistance of the step-down trans- 
formers. 

Rj ^= the equivalent resistance of the step-up trans- 
formers. 

L, ^ inductance of the step-down transformers. 
Lj = inductance of the step-up transformers. 
R^ ^ equivalent resistance of the generators. 
L, = equivalent inductance of the generators. 
R := resistance of the line. 
L = inductance of the line. 
L, = L, + L, + L, + L. 
R, = R, + R, + R, + R. 
All quantities should be converted ioto their equivalent 
values for the full line pressure. Thus the generator and re- 
ceiver voltages should Ite multiplitd by the ratio of transforma- 
tion of the step-up and step-down transfonners, respectively, to 
change them to the full line pressure. The resistance and induc- 
tance of the transformers must include the resistance and inductance 
of both windings, and the value must correspond to the line voltage. 
Thus the resistance of the step. up transformers will be r, «' -)- r^, 
when r, = resistance of primary coil, 
Tj ^^ resistance of secondary coil, 

n = the ratio of transformation. In the same way, the 
equivalent resistance of the step-down transformers will 1)e »*,+ n' 
r... The generator resistance and inductance must be multiplied by 
n' to bring them to equivalent values for the full line pressure. 
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Our formnia then becoiiieB:— 

E,, =E + Icos e {Kj. -i- Jl^a) -J 1 Bin e {Kg + J'Lrtit) + 

n. [(I + E, + R«) +> (I + I. + L«)] 
Plotted graphically we have, Fig. 21; 
oa = E cd = I cos Rp 

»,=-i.„(t+i,+i,) {^1^^"''°' • 

The nnmerical value of £ and Eq may be determiDed, from a 
diagram such as is shown in Fig. 21, when conetructed to scale; 
ur it may be calculated analytically, remembering that the quan- 
tities affected by _/ are to be combined, geometrically, with the 
quantities not affected by the symbol. 

The above formulte apply to single-phase circuits directly. 
If to be used for the calculation of three-phase circuits, the follow- 
ing points must be observed: 

2 

1. OhaiKlng current ( I, ) three-phase = ~7?" X charging current 

y a 

single-phase. 

2. The voltage should, preferably, be ooualdered aa the voltage be- 
tween one Hue and the neutral point. The voltage to the neulral point 
will be the line voltage divided by y s7 

3. The resistance of one line only ie considered, not the resistance 
of a loop. 

4. The Inductance of one line only Is used. The Inductance of one 
llueequala the inductance of a loop divided by -^/s. 

Examples of Alternating-Current Line Calculation. 

1. What 18 the capacity, in micro-farads, between wires of a 
single-phase transmission line 10 miles in length composed of 
number 6 copper wire spaced 15 inches apart t What is the 
capacity to the neutral point ? 

10 42 X 10-' 
in farads = ■ ' ' " — ^^-r- — per mile of circuit. 

log —r 
a 
A = 15 inches d = .162 inches. 

~r = 1S5 loR 185 = 2.2672 
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C in inicro.fsrada = .000000086 X 1,000,000 = .085 

077fi 
C in micro-farads with respect to the neutral point'= — -■ 

C in micro-farads = 2x2 2672 ^ ^^ ~ -^"^^ 

This shows that the capacity to the neutral point is twice the 
capacity to the other wire. 

2. What ia the self inductance of the above circuit } 

L = .000558 X ^ A.303 lo« ^ + .25^ ^' ""'" °^ 

v^ 'S\ « / circuit. 

L = .000fi44 (2.303 X 2.2872 + .25) x 10 
= .000644 X 5.47 X 10 = .0332 henrya. 

3. A circnit has a capacity of .3 micro-farads. What must 
be the value of its inductance to compensate for this capacity at 
60 cycles ? 

0= ' 



C = .0000002 hradB 

(2ir/)' = (2 X S.1416 X 00)" 
1 
2122 

L = 1 -H (142122 X .0000002) = 35.2 henrp 

4. It is desired to ti«n8tnit 1 ,000 K. W. a distance of 25 
miles at a voltage of 20,000, a frequency of 60 cycles, and a power 
factor of 85^. Transmission is to be a three-phase three-wire sys- 
tem. Allowing 10^ loss of delivered power in the line, required: 

a Aiea of oonductor- 

b Current in each oonductoi; 

c Volte lost In line. 

d Founds of Gopper. 

„. , ., D X W X O 
a (Jireular mils 



^ X K' 
D = 25 X 5,280 = 132,000 
"W = 1,000 X 1,000 = 1,000,000 
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C = 1,500 for three-pbase three wire ayatem and 85% power 
factor. 

^ = 10 

E = 20,000 E' = 400,000,000 

132000 X 1000000 X 1500 



Circtilar mile 



10 X 400UOOOOO 
y?4i^= 49,500. 



Number 3 wire hae a cross-section of 52,400 cir. mils. 

W X T 
b Current in each conductor =^ ^ — ^ 34. 

T = .G8 for three-phase system, 85^ power factor. 

,, ,^ , ... p X E x" B 
c Volts lost 111 lino = TTTTT 

B =j 1.18 for number 3 wires, 60 cycles and 85% power 
factor. 



■ 100 

D' X "W X C X A . , , 

; or It may be cal- 

culatt>d directly from the weight of wire given in the tables after 
tile size of wire has Iweii determined by other fonnul%. Thus 75 
miles of number 3 wire is required. This weighs 159 pounds 
per 1,000 feet. . 

la'.f X 5.280 X 75 = f>2,it(54 jwunds. 

5. A single-phase line 20 miles in length is constructed of 
numlier 000 wire stning 21 inches apart. It is desiretl to trans- 
mit 500 K.W, over this line at a frequency of 25 cycles and a 
power factor of SO'jfe, the voltage at the receiver end being 25,0(K). 
Considering the line drop only, what must be the voltage at the 
generator end of the line? 

Ko = E + I cos ^ R -I- ./' I cos ^ L w — j I siu ^ R -f I sin ^ 

La>+y-^ R--Is L«. 



E ^ 25,000 
J _ 500,000 
~ 25,000 X .80 



- 25 (Power = IE cos ^ 
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Oo8 tf = .80 

Sin ^ = .60 (from trigODonietric tables) 
li = resistance of 40 miles of number 000 wire = 14.56 
oh ma at 50° C. 

L = .00277 X ^ X 20 = .0ti4 (calculated from Table V). 

» = 2ir/'=27rX 25 = 157 

ExCx2tX/ 25,000 x .3752 X 157 
^^~ 2 X 10" - 2 X 1,000,000 --'^^ "^'"P- 

C = .3752 (Table IV or calculated). 

Substituting these values in the above formula we have, 
Eo= 25,000 + 291.2 +j> 200.8 _ ;218.4 + 150.6 +j;5.36 - 3.7 
E„=25,000+ 291.2 + 150.6-3.7-1-^(200.8-218.4+5.36) 
E„ = 25,000+ 291.2 + 150.6-3.7 ^.;,218.4- 200.8-5.36) 
Eo = 1/(25,000 + 291.2 + 150.6 - 3.7^ T(2i8.4"^'200.S - 5.36f 

Siuce the symbol,/ Indicates that the quantities must be com- 
bined geometrically. 

Eo = v/(25;4¥8".l)' + (12.24"p = 25,438.1 volts. 

6. A three-phase line 20 miles in length is conatnicted of 
number 000 wire strung 24 inches apart. We wish to transmit 
1,000 K.W. over this line at a frequency of 25 cycles and a power 
factor of 85^, the voltage at the receiving end being 2,000. Three 
Y-eonnected 500 K.W. transformers having a ratio of 10 : 1 step 
the voltage up and down at either end of the line. The resistance 
of the high-tension winding of each transformer is 4 ohms. The 
resistance of the low-tension windings is .04 ohms. The induc- 
tance of each transformer is 4 henrys. Keglecting the generator 
constants, what must be the voltage applied to the low-tension 
windings of the step-up transformers? 
Eo = E + Ico8^ {Kj^-i-jJ^m) -yIsin^(]lT +il-r«) +^"I„ 



[(l+i'^>(^.-0] 



Since this is for a three-phase circuit wo will work with the 
voltage to the neutral point and will change all values to corre- 
spond to the line voltage. Ilence, 
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-^xio-^.xio + 

I A yd 

1^3+ amperes. Since VAIK Cob8 = 1,000,000 

E - 10 X 2,000 ^ 20,000 
Cos e = .85 
I = 34. 

Rt ^= R^aiBtance of one line + equivalent resistance of one 
transformer at each end of the line. 

Itp = 7.28 ohms + 4 + 100 X .04 + 4 + 100 X .04. 

= 23.28 ohms. 
I-r = .0354 ^ 1/3"+ .4 + .4 = .832 henrja. 
m = 157 



K, = 8 
!; = .011) L, = .4 

Substituting these values in our Fonuula Me have, 

+ J 7.88 - 44.2 
== 11,550 + 072.8 + 2,.30y - 44.2 + J (3,774 - 411.6 + 7.88) 
= I "U,4S7.I)" T"337iUf' = 14,874 
E„ = 2,573 volts. 

TRANSFORMERS. 

A tranafoniier consists of two coils made up of insulated wire, 
the coils ht'int^ insulated from each other and from a core, made 
up of laminated iron, on which they are placed. One of these 
coils, known as the primary coil, is connected across the circuit, in 
constant-potential transformers, and the other coil, known as the 
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Becondarj coil, is connected to the knips or ntotora, or whatever 
makes up th« receivers. Ab a matter of fact, these coils are each 
asnally made up of several sectionB. The voltage induced in the 
secondary windings is equal to the voltage impressed on the pri- 
mary winding multiplied hy the ratio of the numher of turns in 
the secondary to the number in the primary coil, less a certain drop 
due to impedance of the coils and to magnetic leakage. This droj) 
is n^ligible on no load. If transformers are used to raise the 
voltage, they are termed nt/'p-up transformers. If used to lower 
the voltage, they are called step-down transformers. 

Losses of^ power occurring in transformers are of two kinds 
namely : 

Iron or core losses which are made np of tiystvreais and eddy, 
current losses in the iron making up the core, and 

Copper losses which are dne to the VVi losses in the winding 
with the addition, in some cases, of eddy currents set up in the 
condnctors themselves. 

The efficiency of a transformer depends on the value of these 
losses and may be expressed as the ratio of the watts output to 
the watts input. 

Wg =^- watts secondary. 

Wp ;= watts primary. 

W„ — - copper losses. 

Wj, ^ hysteresis losses. ^ 

We = eddy current losses. 

The iron losses remain constant for any given voltage regard- 
less of the load, while the copper losses are proportional to the 
square of the current. The efficiencies of transformers are high, 
varying from 94 to 95% at J load to 98";^ at full load for sizes 
above 25 K.W. 

By All-Day Efficiency is meant the efficiency of a trans, 
former, taking into consideration its operation for twenty-four 
hours, aud it is calculated for the ratio of watt-hours output to 
watt. hours input for this length of time when in-actnal service. 
For calculation, the trartsformer is often assumed to be fully loaded 



ibyGoogle 



VWVIWAW IvmAiWAn' VVAfA/WvJ 



POWER TRAN8MISSI0N 45 

for fivtt hours and run with ao load for the reinaiDiag nineteen. 
The all-day efficiency jb then determined as follows: 

Ontpot, K.W. hours = watts oatpnt at fnll load X 5. 

Input, K.W. honrs = watts output at full load X 5 + PR 
loss at fall load X 5 + core loss at normal voltage X 24. 

. „ , a, . output, watt-hours 

All-dav efficiency = -. — '- — : = 

" ' input, watt-boura. 

The asBUuiptioQ that a lighting transformer is fully loaded 
five honrs out of the day is not always a correct one. On many 
circuits from two to three hours of full load wonld be more Dearly 
the proper value to use in calculating the all-day efficiency. 

By Rq^lotion of a transformer 
is meant the percentage drop in the 
Becoodary voltage from no load to full 
load when Dormal presBure is im- 
pressed on the primary. This drop is ^^^^^™^^^ w^wwj w,«w/am 
due to the IB drop id the windings j | | | | 

and to Qiagnetio leakage. In well 
designed transformers the loss due to 
magnetic leakage is about 10^, or 
lese, of that due to the resistance drop. 
For non-inductive load (power factor 
= unity) the regulation is from 1 to 
3% in good transformers. With in- 
duction load this is increased no 4 or 
5%, or even more. p.^ ^ 

Both the efficiency and the reg- 
ulation should be considered in selecting a transformer for given 
aervice. Thus, if a transformer is to be used for lighting, its reg- 
ulation should be of the beet, since drop in voltage due to the trans- 
former ie in addition to that due to the conductors. In the Bame 
way the regulation of any system as a whole depends to a certain 
extent on the regulation of the transformer installed. 

If the efficiency of a transformer is low, it meaus a direct loss 
of considerable energy as well as greater heating of the transformer 
and consequent deterioration. If a transformer is to be used for 
-lighting pur[X)8es, or is lightly loaded, a large portion of the time, 




ibyGoogle 



46 POWER TRANSMISSION 

ft type sLotild be selected which has r relatively low cere Iobb bo as 
to increase the all-day efficiency. If fully loaded all day; the 
losses should be divided abont equally between the copper and the 
iroD losses. 

Trsasformer Connections. Transformers for three-phase 
work may be connected in two ways. Where three traosfonuers 
are ased, they may be connected in T or star, that is, with one 
terminal of each primary brought to a common point and the other 
terminal connected to a line wire 
(see Fig. 23), or they may be con- 
nected in A or mesh when the three 
primaries are connected in series and 
hMwvwwtj |■^v^^^lvvv^^l ^<^>^A^^MA^l the line wires are connected to the 
I II II I three corners of the triangle bo 

formed (see Fig. 24). The aecond- 
ariea may be connected in Y the 
same as the primaries or the second- 
aries may be connected iu Y when 
the primaries are in A, or vice versa. 
The voltage relation may be beat de- 
termined from vector diagrams as 
shown in Fig. 25, which gives the 
voltage relation of step-down trans- 
formers with a ratio of 10 : 1, when the voltage across the primary 
lines is 1,000. 

- Changes may be made from two to three phases, or from three 
to two phases, with or without a change of voltage, by means of 
transformers having the required ratio of transformation by nse of 
what is known as the Scott connections. Fig. 26 shows snch a 
connection together with a corresponding vector diagram showing 
the relations when the change is from two to three-phase with a 
10 : 1 transformation of voltage. The main transformer ie fitted 
with a tap at the middle point of the secondary wiring to which 
one terminal of the teaser transformer is connected. The teaser 
has a ratio of transfomiation differing from that of the main trans- 
former, as shown in the figure. 

Six Phanes are obtained from three phases for use with 
rotary converters by means of transformers having two secondary 
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windings or by briugiDg both enda of each winding to opposite 
points on the rotary-converter winding, utilizing the converter 
winding for giving the six phases. The latter, shown in Fig. 27, 
is known as a diametrical connection. When transformera with 
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Fig. 25. 

two secondaries are used, the secondaries may be connected in six- 
phase Y or six-phase A as shown in Figs. 28 and 29. When the 
Y-connection is used, the common connection of each set of eec- 
ondarieB is made at the opposite ends of the coils. This leaves the 
free ends directly opposite or 180" different in phase. The way in 
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which these eiida are bronght oat to give six phases is best HlnB- 
trated bj means of the two triangles arranged as shown in Fig. 80, 
which have their pointn nambered corresponding to the connec. 




1000 
Fig. 26. 

Hon in Fig. 28. In Fig. 29 one A is reversed with respect to the 
other, and six phases are brought about in this manner. 

Single transformers, constracted for three-phase and six-phase 
work, are now being manufactured in this country, and they are 
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Fig. 28. 






being nsed to an increasing extent. They are a little chisaper to 
build for the same total output, and save floor space, hut are not 
80 flexible as three single-phase transformers. 

"Where otlier conditions allow, a A to A-connectiou ia prefer- 
able, for with this connection, if one transformer is injured, it 
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may be taken out of circuit and the remaining two will maintain 
the aurvice, and may lie loaded up to § of the former capacity of 
the system. In the Y-connection, however, the voltage irapreased 

on the transformer winding ie only -ys" = -58 tiraea the volt- 
age of the line, thna making it possible to constmct a transformer 
with a fewer number of turns. Tlie windings, must be insulated 
from the case, however, for a potential equal to the line potential, 
unless the oeatral point be grounded when the potential strain to 
which the transformer is liable to be subjected, under ordinary 

conditions, is reduced to ~T^ of its value when the neutral is not 

grounded. For small transformers 
wound for high potential the cost is in 
&vor of the Y -connection. 



(iM/AVvv'"TV/AVA'~rVl'VVl.V«\] 













Pig. 29. 



Fig. 30. 



Choice of PreqiMticy. The frequencies in extended use at 
present in this country are 25, 40, and 00 cycles, 25 or 60 cycles 
being met with more frequently than 40 cyelea. Formerly, a fre- 
quency of 125 or 133 cycles per second was quite often employed 
for lighting purposes, but these are no longer considered standard. 

The advantages of the higher frequency are: 

1. Less first cost aud smaller size of generators and transformers for 
a given output. 

2. Bett«r adapted to the operation of arc or luoandescent lamps. 
Lamps, when run below 40 cycles, especially low candle-power incandes- 
cent lamps at 110 volts or higher,- are liable to be trying to the eyes on 
account of the flicker. 
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Its disftd vantages are: 

1. Inductance atid capacity eflects are greater, hence a poorei regu- 
lation or the voltage. The ciiargiog current Is directly pmportloual to the 
rre<|uency aod thia amounts to conHlderable in a long line. 

-i. There ts greater difficulty in parallel operation of the high-rre- 
(juency machiueB due lo the fact that the armature reactions of the older 
types of high-frequency iDBchiues are high. 

3. Machines for liigh frequencies are uot so readily constructed for 
operation at slow speeds. This, however, will cease to lie an objection 
with the Increasing use of the sieam turhine. 

4. Not well adapted to the operation of rotary converters and single- 
phase series motors on account of added complications in construction aud 
Increased commutator troubles. 

A frequency of GO cycles is usually adopted if the power is to 
be used for lighting only, and 25 cycles are better for railway work 
alone. By the hbb of frei^uency changers the frequency of any sya- 
teni may Ihs readily changed to suit the requireinents of the service. 

OVERHEAD UNE5. 

Having considered the calcnlation of the electrical constants 
of a transmission line and distributing system, we turn next to the 
mechanical features of the installation of the conductors and find 
two general methods of running the wires or cables. 

In the first method the conductors are run overhead and sup- 
ported by insulators attachiKJ to pins in cross. arms which, in turn, 
are fastened to tlie supporting poles. In the other methods the 
cables are placed underground and are supported and protected by 
some' form of conduit. 

Overhead construction is used when the lines are run through 
open country or in small towns. It forms a cheap method of pro- 
viding satisfactory service and is reliable when carefully installed. 
It has the advantage that the wires may be placed some distance 
apart and, being air- insulated, the capacity of the line is much less 
than that of underground conductors. 

The old practice in overhead line construction has always been 
to consider the design and erection of the line as work that anyone 
could do, it being taken aa the simplest part of the electrical 
system. As a result, the line was a source of a great deal of trouble 
which was laid to almost; any other cause than poor construction. 
The overhead line, when used, must be considered as a part of the 
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power plant and it should receive as careful attention as any part 
of the ceutral station or Bubstation. It often has to meet much 
more severe couditions than the power plant itself and it is respon- 
sible to a very large extent for the reliability of service. ' 

The new way of treating the question of overhead lines is to 
consider them as structures which must be designed to meet cer- 
tain strains just as a bridge or similar structure is designed. This 
is especially true when steel or iron poles are used as is the case 
in nearly all transmission lines abroad. 

The design of an overhead line may be divided into five parts: 

I. Location of line. 

, 2. Supports for the Une, pole, aud crosB-arms. 

H. Jusulatora and pins. 

4. Btreasee sustained by the pole line. 

5. Conductors, .material, size. 

Some of these are purely mechanical features while others are " 
both mechanical and electrical. Let us take tbem up in the order 
named. 

Location of Line. Tlie location of the line takes into account 

the territory over which the line must be run with respect to 
contour, direction, and freedom from obstrnctions as well as pos- 
sible right of way. Width of streets, kind and height of buildings, 
liability to interference with or from other systems must be con- 
sidered, when such are present. The right of way for electric lines 
may be secured, in some cases, along a railway or public* road when 
its location is comparatively simple, provided it is not necessary 
to interfere with adjoining property. When adjoining property 
must be interfered with, or when the line is to run over sections 
containing no roads, it is usually possible to form contracts with 
the proj)erty owner such as shall free the line from future inter- 
ference by the pi-operty owner. In general, the cost of such con- 
tracts will be comparatively low. Again, the right of way may 
l)e purchased outright as is preferable when right of way is being 
secured for higli-sjieed electric railways. When the demands for 
right of way are in excess of a reasonable amount, the process of 
condemnation of projH-rty may be resorted to or the direction of 
the line may he changed so as to avoid such locations. A prelimi- 
nary survey of the line should be made at the time the route is 
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being loc&ted, sach a sarrey consiBtingof the approximate location 
of the poles, QoteB of the changea in direction and level of the 
groand ae well as of its character. This Btirvey aids in the selec- 
tion of material to be delivered to the different parts of the line. 
Changes in level are compensated for aa mnch aa poasible by 
selecting long poles for the low places and short poles. for the 
higher elevations, thns reducing the nnbalanced strains in the line. 
The heavier polea should he used where there is a 
I I change in direction, where the line is especially ex- 

-^T(i*— posed to the wind or where branch lines are taken off. 
It is sometimes necessary that power lines he ran on 
the same poles aa telephone wires, in which caae the 
power conductors should, preferably, be located above 
the telephone wires. 

Supports, Poles. In this country, the support 
for ffifial lines consists almost universally of wooden 
poles to which the croas-arnia, bearing tlie insulator 
pine, are attaclied. These jwlea may lie ei ther natural 
grown or sawn. Abroad, the use of metal jHilca pre- 
vails. In order to dftermiiie the prosier cross-section 
of a pule it may be regardt^ aa a beam fixed at one 
end and luadt^d at t)ie other, this load consisting of the 
weight of tlie wiiv, with attendant snow or sleet, which 
tends to produce compression in the |)ole, and the 
tension of the wires together with the effect of wind 
pressure, which tends to produce flexure. Only the 
Fig. 31. latter stresses need be considered in selecting a pole 
for ordinary transmission lines. The poles are in the 
shape of a truncated cone or pyramid, tlie equation of which is: 



'(^)- ^ 



t>ee Fig. 31. 



y = diameter of any section. 
X := distance from the top of tlie pole. 
I = length of pole, 
r/, and '/, = diameter of the pole at the top and bottom re- 
spectively. 
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The proper taper for a pole shonld l>e audi that d^ = \ oi d,. 
If d, > I fl^ ttie pole is heavier than need be as it would t«Dd to 
break below the ground. If Icbb than j d^, the pole will tend 
to break above the ground and the material is not dietribnted to 
the best advantage. 

In calculating the sise of pole necessary to stand a certain 
fltresB, we have, from tlie principles of Mechanics, 

M=" 
d, 

M = moment of resietance. 

I = moment of inertia. 

S = stress in the section at d, at which point the pole is 
least able to withstand the strain which comes on it. 

M ^^ PZ where P is the tension in the wires and I ^= length 
of pole in inches. 



For a round pole, I = ■ y, - 



and we liave, P^ - 



Solving for S,S ^^^ 



Sird\ 
~1L 32 



For a sawn pole with siiuare cross -sections the value of I is: 



' '/", 

The value for S should not exceed a certain proportion of the 

ultimate strength of the material. If T represents the ultimstt* 

T 
strength in pounds per square inch, then P = — where n is known 

as the factor of safety and is ordinarily not taken less than 10 for 
wooden structures. A high factor of safety is necessary on account 
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of tlie material not l}eing uniform, and tlie uocertairity of the 
value of T. 

Following are commonly accepted valiies of T: 

Yellow pine 6,000 - 12,000 pounds ■ 

Ohestuut 7,000-13,000 ■' 

Cedar 11,500 " 

Redwood 11,000 " 

T 
The value of — eliould not be over about SOO for natural poles 

and 600 for sawn poles. 

*/, is measured at the ground line of the pole, not at the base. 

Consider a pole of circular cross-section having a length of 

85 feet and a diameter at the ground line of 12 inches. Using 

T 

— = 600, what is the maximum allowable stress that should be 

applied at the end of the jxile ! 

32 /■; 

P = 600 

i = 85 X 12 = 420 inchei. 

rf,= 12 

„ S2xr,00x420 ,,„.,, 

»='-3T«Trxl72r = ''**'^"»- 

It is customary to select a general type of pole for the whole 
line determined from calculations based on the above fomiulje, 
after the tension in the wire lias been found, and not to apply 
sucli calculations to every section of the line. The line is then 
reinforced, where necessary, t>y means of guy wires or struts. 

Following are some of the general requirements for poles: 

spacing should not exceed 40 to 43 yards. 

Poles should be set at least five feet In the ground wltb an addi- 
tional six Inches for every live feet increase in length over thirty-flve feet. 
■ Hpecial care in setting 1b necessary when, the ground Is soft. End and 
comer poles should be braced and at least every tenth pole along the Hue 
should be guyed with )^ or %-inch stranded galvanized iron wire. 

Regular inspection of poles, at least yearly, should he main- 
tained and defective poles replaced. The condition of poles is best 
determined hy examination at the base. 
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Poles Bhoiild preferably be of good, sound cbestout, cedar, or 
redwood. Other kinds of wood are sometimes used, the material 
depending largely on tlie section of the country in which the line 
is to be erected and the timber available. Katural poles should be 
shaved, roofed, gained, and given one coat of paint before erecting. 

Special methods of preserving poles have been introduced, 
chief among which may be considered the process of creoeotiiig. 
Oreosoting consists of treating the poles with live steam at a tem- 
perature of 225 to 250°, so as to thoroughly heat the timber, after 
which a vacuum ia formed and then the coQlaining cylinder is 
pumped full of the preserving materia!, a pressure of about 100 
pounds per square inch being used to force the desired amount of 
material into the wood. The butts of poles are often treated with 
pitch or tar, but this should only be applied after the pole is 
thoroughly dry. 

Guying of pole lines is one of the most important features of 
construction. Guys consist of three or more strands of wire, 
twisted together, fastened at or near the top of the pole, and car- 
ried to the ground in a direction opposite to that of the resulting 
strain on the pole line. The lower end ia attached to some form 
of guy stub or guy anchor. This may be a tree, a neighboritig 
pole, a short length of pole set in the ground, or a patent guy 
anchor. Guy stubs are set in the ground at an inclination such 
that the guy makes an angle of 00" with the stub or with the axis 
of the stub in the direction of guy, the stub in the latter case being 
held in place by timber or plate fastened at right angles to the 
bottom of the stub. Such a tiniWr is known as a " dead man ". 

The angle the guy wire makes with the pole should be at least 
20", When there is not room to carry the guy far enough away 
from the base of the pole to bring this angle to 20' or more, a 
strut may be used. This consists of a pole slightly shorter and 
lighter than the one to be reinforced. It is framed into the line 
pole near the top and set in the ground at a short distance from 
the base of the pole on the opposite side of the pole from that on 
which a guy would be fastened. 

Stranded galvanized steel guy wire is used for guys. There 
are two general methods of attaching the guys to the top of the 
pole. In the one, a single guy is run, attached at or near the 
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middle crosB-arm, wbile in the other, koowo aa "Y" guying, two 
wires are ran to the top of the pole, one at the upjter the other at 
the lower arm, and these united into a single line a short distance 
from the pole. 

Head guying, guying in the direction of the line, is UBed when 
the line is chaugiog level and for end poles. The guys are attached 




FiK. 32. 

near the top of one pole and run to the bottom of the pole just 
above. Fig. 33 shows several methods of reinforcing pole lines. 
Special methods are adapted as necessary. 

CroU'Amis. The bi'st crosB-arme are made of southern yellow 
pine. Oak is also used to a large extent. They should be of 
selected well. seasoned stock. The usual method of treatment is to 
paint them with white lead and oil. The size of cross-anna and 
spacing of pins have not been thoroughly standardized. For cir- 
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cuits up to 5,000 volts, 3^ X 4^ or 3| X 4^" crosB-ariuB wUli 
spacing between pins of 10 incbes, the pole pins being spaced 22 
iiK-Les, are recommended. For higlier voltages, special croBS-arma 
and Epacings are necessary. The cross-arms should be spaced at 
least 24 inches between centers, the top artn being placed 12 inches 
below the top of the pole. Tbey 
are usually attached to the pole by 
means of two boltB and are braced 
by galvanized Iron braces not less 
than 1^ X ^1 inch and about 28 
inches long. . 

CrosB-arms are placed on al. 
ternate sides of the poles so as to 
prevent several of them from being 
pulled off should one become 
broken or detached. On corners 
or curves double arms are used 
In European practice, the cross-arm 
is done away with to a large extent, 
the wire being mounte<l on insula- 
tors attached to iron brackets 
mounted one above the other. Fig. 
3d gives an idea of this con* 
struction. 

Insulators. Electrical leak- 
age iR'tween wires must be pre- 
vented in some way and various 
forms of insulators are dejiended 
upon for this purjiose. The ma- 
terial iist.>d in the constructiun of 
these insulators should possess the 
following properties: high specilic 
resistance; surface not readily de- 

j J 1-1 ■ Fig- 33. 

stroyed and one on wliicfi moisture 

does not readily collect; mechanical strength to resist both strain 
and vibrating shocks. Its design must be such that the wire can 
be readily fastened to it and the tension of the wire will be trans- 
mitted to the pin without producing a strong strain in the insn- 
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MDGHT 3|'tESTEDAT SOflOOV HEIGHT 3' TESTED AT 3<»00V. 





HEIGHT 4^ TESTED AT /OOOOV. HEIGHT 7^ TESTED AT 8CWI0V. 




HEIGHT 4|"teSTED AT SaOOOV. HEIGHT 4^" TESTED AT SttOOOV. 





HEIGHT 3i TESTED AT 4Q000V. HEIGHT 4^- TESTED AT HOOOOV. 

Fig. 34. 
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lator. I>eaknge Biirface must be ftinple for the voltage of tlie liue 
and BO coiistriicled tliat a large portion of it will bn proteotud from 
moisture during rainstorms. The principal materials used are 
glass and porcelain. 

Porcelain baa tbe advantage over glass that it ia less brittle 
and generally stronger and that it is less hygroscopic, tliat is, inois- 
tnre does not so readily collect on and adhere to its surface. Glass 
is less conspicuous and is 
cliea^>er for the smaller in- 
aulatora. ISoth materials 
are freely used for the con- 
struction of high-tension 
lines, while the use of glass 

prevails for the low-tension "in 

circaits. isuiotix 

All line insulators are 
of the petticoat type and 
are made np in various 
shapes and sizes. The 
larger size porcelain insu- 
lators are made up in two 
or more pieces which are 
fastened together by means 
of a paste formed of lith- 
arge and glycerine. The 
advantages of this form of 
constrnctiou are greater 
uniformity of structure, 

and each part may be testeii separately. Fig, 31 shows several 
forms of insulators now in use with the voltage at which they 
are tested. Tlie test applied to an insulator for high-tension lines 
should be at least double the voltage of the line, and some engineers 
recommend three times the normal voltage. 

Pins. Pins made of locust wood boiled in linseed oil are pre- 
ferred for voltages up to 5,000. Above this special pins are used. 
Wood pins are often objected to on account of the burning or 
charring which takes place in certain localities, and iron pins are 
being used to a large extent. Fig. 35 shows the dimensions of such 
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a pin need on a 00,000- volt line. Tbe insulator ie fastened to tlie 
pin by means of a thread in a lead lug which is cast on top of the 
pin. The insulators iii the construction shown in Fig. 33 are 
cemented to tbe iron hiacketa. 

The Stresses susUined by tbe line may be classitled as 
foltowB : 

1. Weight of wire, which Includes lusulatlon, aud anow and sleet 
which may be supported by the wire. 

2. Wlud preseuTe upon the parte or the Hue. 

Tlie Strain produced by the weight of the wire on the pole 
itself need not be considered except in exceptional cases, because 
if the pole is sufKcieutly strong to withstand the bending strains, 
it is more than strong enough to withstand the compression due 
to the weight of the wires. 

a. Tension In tbe wire Itself. 

Ijingley shows the pressnre of the wind normal to flat sur- 
faces to be equal to: 

p = pressure in pounds per sq. ft. 

V = velocity in miles per hour. 

For cylindrical snrfaces the amount of pressure is § that ex- 
ert«d on a flat surface of a width equal to the diameter of the 
cylinder. Withont great error we may assume that the maximum 
wind pressure, and that for which calculation is necessary, is that 
at right-angles to the line, and a value of thirty pounds per square 
foot is sufficient allowance for exposed places, while twenty j)ounds 
per square foot is eonpidered sutticient where the line is par. 
tially sheltered, 

Ej-jtmj/l''. What is the pressure, due to the wind, on the 
wires of a pole line containing three number 0000 wires, the poles 
being spaced 45 yards and the velocity of the wind such that the 
pressure may be taken as 30 pounds per square foot. 

The diameter of a numlxT 0000 wire is .400 inch. The area 
against which the wind exerts its force may be considered as: 



~lil ~ o.kUb square feet. 
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5.166 X 30 = 155 pounda preseure due to wiud on wires. 

The moBt important strain -producing factor in a line is that 
due to the tension in the wire itself. A wire suspended so as to 
bang freely between two supports assumes the form of curve linown 
as a catenary, but for ordinary work the curve maybe taken as a 
parabola the equation of which is simple and from which the fol- 
lowing equations are derived : 

. iinv 

" - 81V 

_ ffW 

"- HD' 

^■=" + -511 
When D — deflection or sag at lowest point in feet. 

L = actual length of wire between supports iu feet. 

II = distance between supports in feet. 

W = weight of wire in pounds per foot. 

F^ = horizontal tension in the wire at the middle point. 

T 

Pc = - where T — tensile strength of the wire and Ji = 

factor of safety. « == 2 to ft under the conditions existing when 
the wire is erected. The temperature changes in the wire affect 
the value of this factor, it being greatest when the temperature is 
a maximum, and a minimum when the teni|)erature is lowest, and 
calculation should be for the maximum strain that may come on 
the wires. 

If L^ ^ length of a wire at a given tern [(era turt, f C. 
and Lj„ = length of a wire at a given teinjMsrature, 20' C 
Then, L, = L„ [1 + k (t - 20j]. 

k - .000012 for Iron. 

.0000108 to .0000114 roi aluminum. 
.0000172 for copper. 

The following table gives the deflection of sjaus of wire in 
inches for diiferent temperatures and different distances between 
poles, a maximum stress of 30,000 pounda per square inch being 
allowed at - 10' F, which gives a factor of safety of 2 for hard- 
drawn coppr wire. 
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TABLE VII. 
Temperature Effects In Spans. 
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The above formnlro apply directly to linea in which the poles 
are the same distance apart and on the same level, and any number 
of spans may be adjusted at one time by applying the calculated 
stress at the end of the wire and the line will be in equilibrium; 
that is, there will be no strain on the poles in the direction of the 
wires. Special care ninst he taken to preserve thisequilibrium when 
the length of span changes or when the level of the pole tops varies, 
and this is accomplished by keeping P^ and n constant for every span. 

What is the tension in pounds per square inch at the center 
of a span of number 0000 wire when the poles are 120 feet apart 
and the sag is 10 inches ? 

II = 120 

D = J!5 = IJ fset. 



= 804 pounds 



W ^ .04 pounds. 

The cross-section of niitiiber 0000 wire is,^ 
■"■ X (.23)' = .l(i()2 square inches. 
864 -J- .1002 = 5200 pounds per square inch. 
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The regulation of tlie system and the amoant of power lost in 
tninBinission together determine the croas-section oi the conductors 
to be uaed. The amount of power lost, for most economical opera- 
tion can be determined from the cost of generating power and the 
fixed charges on the line investment. Either copper or aluminum 
wire or cables may be used. The latter is lighter in weight but 
more care must be taken in erecting and it is more difficult to 
make joints. 

UNDERGROUND CONSTRUCTION. 

In large cities or other localities where, if overhead construc- 
tion be used, the number of conductors becomes so great as to be 
objectionable, not alone on account of appearance but also on 
account of complication and danger, the lines are run underground. 
The expense of installing underground systems is very great com- 
pared with that of overhead construction, but the coat of mainten- 
ance is much less and the liability to interruption of service, dn« 
to line troubles, greatly reduced. The essential elements of an 
underground system are the condnctor, the insulator, and the pro- 
tection. The conductor is invariably of copper, the insulator may 
be rubber, paper, some insulating compound, or individual insu- 
lators, depending on the system, while the protection takes one of 
several forms. The system, as a whole, may be divided into 

Bolld or built-in ayat«ms. 
Trench ayetems.. 
Drawfng-in systems. 

As an exaTnj)le of the first, we have the Ji^'Usim Tube system, 
which is especially adapted to house- to -house distribution and is 
used to a large extent for direct-current three-wire distribution in 
congested districts. It is made up of copper rods as conductors 
(three of equal size for mains and the neutral but \ the size of the 
main conductors in feeders), which are insulated from each other 
by an asphaltum compound. This compound also serves as an 
insulation from the protecting case, which consists of wrought- 
iron pipe. Pilot wires are also often installed in the feeder tubes. 
This tube is built up in sections about twenty feet long. In insu- 
lating the conductors, they are first loosely wrapped with jute 
rope BO as to keep them from making contact with each other, 



ibyGoogle 



POWER TEIKSMISSIOS 



Digitized by Google 



POWER TRANSMISSION 65 

and with the pipei», Kiid the heated aaplialtuni forced hito the tnbe 
from the bottom, wlien the tnbe is in a vertical position. The 
ends of the conductors and the tnbes must be joined and properly 
insulated in a completed system. Special con nee tore are furnished 
for the conductors, and cast-iron coupling boxes are fitted to the 
ends of the tnbe ae shown in Fig. 30. After the conductors are 
properly connetrted, the cap is put on this coupling box and the 
inside space then filled with insulating compound through a hole 
in the cap. This hole is later fitted with a plug to render the box 
air-tight. The system is a cheap one, though the joints are expen- 
sive. It is tot adapted to high potentials. 

The SUineng-TltilMki' system of iron-taped cahlea consists of 
insulated cables encased in lead to keep out moistnre, this lead 
sheathing being in turn wrapped with j^ite which forms a bedding 
for the iron tape. 'The iron tape is further protected by a wrap- 
ping thoroughly saturated with asphaltum compound. These 
cables may be made up in lengths of from 500 to 600 feet. 

In unexposed places, such as across private lands, the steel 
taping may be omitted and the lead sheathing simply protected by 
a braid or wrapping saturated with asphaltum. 

The Treui-h system consists of bare or insulated conductors 
supported on special forms ot insulators as in overhead constmc- 
tion, the whole l>eing installed in small closed trenches. As this 
system is uot used to any extent in America, but one system, the 
Crompton system, will be described. 

In the Crompton system, bare copper strips areused, each 1 
to IJ inches wide and J to A inch thick. These strips rest in 
notches on the top of porcelain or glass insulators. sup[K>rted by 
oak timbers embedded in the sides of the cement-lined trench. 
This trench is covered with a layer of flagstone. These insulators 
are spaced about 50 feet and about every 300 feet a straining 
device is installed for taking up the sag in the conductors. Haud- 
holes are legated over each insulator. 

There are several of the drawliig-uisyaimns, and certain of 
these have come to be considered standard uudergrouud construc- 
tion in the United States. It is no longer deemed advisable to 
coustract ducts which will serve as insulators, but they are de- 
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pended on for iiiec'banica) protwtiou only, and sliould fultill the 
following requirenionta: 

They must have a smooth Interior, Tree from projections, k> that the 
cables may be readily drawn In and out. 

They must be reatwnalily water-tlKlit. 

They must be atroiig euougli to resist Injury due to street traffic and 
accidental Interference from woriiinen. 

Ainoug the materials used for duct conatriiction may be men- 
tioned: iron or steel, wood, cenient, and terra cotta. Wood is 
nsed in the form of a trongli or box, or in the form of wooden 

TO STREET SURFACE 



Fig. 37. 

pipes. The latter is known as "pnnip log" condnit. The wood 
used for this purpose mnst he very carefully seasoned and then. 
treated with some antiseptic compound, such as creosote, in order 
for the duct to give satisfactory service. If improperly treated, 
acetic acid is formed during the decay of the wood, and this attacks 
the lead covering of the cable, destroying it and allowing moiEture 
to deteriorate the insulation. Wood offers very Httle resistance to 
the drawing in of the cables, and it is a cheap form of conduit, 
though it cannot be depended on for long life. 

One of the best and at the same time most expensive systems 
is the one using v:ro>itjht-iron J»'j>fs, laid in a bed of concrete. 
The ordinary construction of the duct consists of digging a trench 
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of the desired size and covering the bottom, aft«r it is carefully 
graded, with a layer of good concrete from two to four inches thick. 
Hiich a cement may consist of Iloaendale ceineot, sand, and broken 
stone in the ratio of 2, 3, 5, the broken stone to p»BS through a 
siero of 1^-inch mesh. The aides of the trench are lined with IJ- 
inch planks. The first layer of pipes consisting of wronght-iron 
pipes 3 to 4 inches in diameter, 20 feet long, and ^ inch thick, 
joined by means of water-tight couplings, is laid on this concrete, 
and the space around and above them filled with concrete. A sec. 
ond layer of pipes is laid over this, and so on. A covering of con- 
Crete 2 to 3 inches thick ia placed over the last layer, and a layer 
of 2-incb plank ia placed over all, to protect against injury by 
workmen. Fig. 37 shows a cross-section of such duct construc- 
tion. The pipe should be reamed so aa to remove any internal 
burs which might injure the insulation during the process of 
drawing in. 

A modification of this system consists of the use of cement- 
lined vrciiijlit-'tron pipes. This usually conaists of eight-foot 
lengths made of riveted she&t-iron pipes. Itosendale cement is 
used for the lining, this lining being about ^ inch thick. The 
external diameter of the pipe ia about ij inches. The outside of 
the pipe is coated with tar to prevent rusting. The sections have 
a very smooth interior and are light enough to be easily handled. 
.They are embedded in concrete, similar to the system previously 
described. Connections between the sections are made by means 
of joints, conetructed on the ball-and-socket principle, moulded in 
the cement at the emia of the sections. This forma a cheaper con- 
struetion than the use of full-weight pi[>e. 

Earthenware Conduits. This form of conduit is being ex- 
tensively uaed for underground cables. The sections may be of 
the single-duct or multiple duct type. The former consists of an 
earthenware pipe froui 18 to 24 inches in length. The internal 
diameter is from 21 to 3 inchca. These are laid on a bed of con- 
crete, the separate tilos being laid uji in concrete in such a manner 
as to break joints between the various ducts. In tlie multiple- 
duct system the joiiila are wrapped with burlap and the whole 
embedded in concrete. This form of conduit has a smooth inte- 
rior and the cables are readily drawn in and out. The single-duct 
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type lends iUuIf admirably to slight chaiigoa of direction that 
may be nec-eesary. Fig. 38 shows Iwth furiiiB of duct, while Fig. 
30 shows a cement -lined iron-pipo duct syBteni, kid in concrete, 
in course of construction. 

Other forms of conduits are ducts formod in concrete, earthen- 
ware troughs, cast-iron troughs, and fibre tubes. 

Manholes. For all drawing-in syRtenis, it is necessary to 
provide some means uf making connections between the several 
lengths of cable after tbey are drawn in, as well as for attaching 
feeders. 8ince the cables cannot be handled in lengths greater 




than abont SOO feet, and less than this in many cases, vaults or 
junction boxes nmst Ik) jiluct-d at frecjuent intervals. 8ueh vaults 
are known as splicing vaults or nianholcn. -llui size of the man- 
hole dejiends ii|)on the number of ducts in the systeiii, as well as 
on the depth of the conduit. If the ducts l)e laid but a short dis- 
tance from the surface of tlie street and tratiic is light, the cables 
may be readily spliced with a manhole but 4: fi^t square and 4 
feet deep. The smaller vaults are often called "7ittiul-Ao7<'s". 
Deeper vaults are from 5 to feet ctjuare, and the floor should be 
at least 18 inches below the lowest ducta on account of convenience 
to the workmen and to serve as collecting basins for water which 
gets into the system. Tlie ducts should always be kid with a 
gentle slope toward such manholes. 
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Comtiion construction coiiBistaofabrick wall laid upon aeon- 
Crete floor, tlie brick being laid in cement and being coated inter- 
nally with cement. Tbe cables follow tbe eideB of the manhole 
and they are supported on books set in the brickwork. This 
causes quite a waste of cable in large manholes. Care shonld be 
taken that workmen do not use the cables, do supported, as ladders 



in entering and leaving the manhole, as the lead sheathing may be 
readily injured when tlie cables are so used. 

Conductors are drawn into place by tbe aid of some form of 
windlass. Special jointed rods, 3 to 4 feet long, may be used for 
making the flrst connection between manholes or a steel wire or 
tape may be pushed through. A rope is drawn into the duct and 
the cable ia attached to this rope. Fig. 40 shows one way in which 
the cable inay be attached to the rope. Care iilust be taken to see 
that no sharp bends are made in the cable during this process. 
Cable shonld not bo drawn in during extremely cold weather un- 
less some means are employed for keeping it warm, owing to the 
liability of the insulation to be injured by cracking. 
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Conduit BysU'ins mnst ha ventiluted in order to prevent ex- 
plosion due to the collecting of explosive mixtures of gas. Many 
special ventilating sclienies liave beeD tried, bnt the majority of 
systems depend for tlieir ventilation on holes in the manhole cov- 
ers. This prevents excessive amounts of gas from collecting but 
does not always free the system from gas bo completely as to make 
it safe for workmen to enter tlie splicing vault until the impure 
air has been pumped out. 

The above applies to the main conduit system. Auxiliary 
ducts are laid over the main ducts and distribution accomplished 
from hand-holes in this system. 

It is customary to ground the lead sheaths of the cables at 
frequent intervals, thus in no way defending on the ducts even 
when made of insulating material, for insulation. 



Fig. 40. 

Cables. "Well insulated copper cables are used for under- 
ground systems. On account of the fact that various materials, 
such as acids and oils which are injurious to the insulation, come 
in contact with the cable, it is necessary that it be protected in 
some manner. A lead sheath is employed for this purpose. This 
sheath is made continuous for the whole length of the conductor, 
and with its use it is possible to employ insulating materials such 
as paper which, on account of being readily saturated by moisture, 
could not be used at all without such a hermetically sealed sheath. 
I^ead containing a small percentage of tin is usually employed for 
this purpose. The sheath may consist of a lead pipe into which 
the cable is drawn, after which the whole is drawn through suitable 
dies, bringing the lead in close contact with the insulation or the 
casing may be fofmed by means of a hydraulic press. 

Yarns thoroughly dried and then saturated with such materials 
as parattin, asphaltum, rosin, etc., paper, both dry and saturated, 
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and rubber are the niateriala more generally employed for insula- 
tion. When paper \a employed, it is wound on in strips, the cable 
being [>asse<i tlirough a die after each layer is applied, after which 
it is dried at a temperature of 20O" F to expt-I moisture. After 
being immersed iu a liath of the satiiratiiig compound it is taken 
to the hydraulic presses where the lead sheath is put on. 

When rubber insulation is used, the conductors are tinned to 
prevent the action of any uncombined sulphur, which may be 
present in the vulcanized rultlier. The Iloojk'r process consists of 
using a layer of pure rubber next to the eondnctors and using the 
vulcanized rubl>er outside of this. One or two layers of pure rub- 
ber tape are put on spirally, 
the spiral being reversed for 
each layer. Rubber com- 
pound in two or more layers 
is applied over this in the 
form of two strips which pass 
between rollers which fold 
these strips around the core 
and press the edges togetlier. 
Prejwred rubber tape is ap- 
plied over this, after which 

the insulator is vulcanized pj ^j 

and the cable tested. If sat. 
isfactorj the external protection is applied. 

Cable for jK)lyphase work is made up of three conductors in 
one alieath. Fig. 41 shows a cross-section of cable manufactured 
for three-phase transmission at O.OOO volts. Tiie conductors of 
this cable have a cross-section equivalent to a nnmber 0(KH) wire, 
to which an insulation of rubber j'lj-incli thick is applied. Tliese 
three conductors are twisted together with a lay of about 20 
inches. Jute is used as a tiller, and a second layer of rubber insu- 
lation j^.inch thick is then applied. . The lead sheath employed is 
J-inch thick, and is alloyed with 3^% of tin. 

, Joints in cables must be carefully made. Well-trained men 
only should be em[)Ioyed, The insulation aj>plied to the joint 
should Ik) equivalent to the insulation of the cable at other poiuts, 
and the joint as a whole must be protected by a lead sheath made 
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contiauoua with tha inaio covering by means of plnmbers' jointe. 

Some engineers prefer rubber, some paper insulation, but 
both types are giving good service, and are used up to voltages of . 
22,000. It ie customary to subject each cable to twice its normal 
potential soon after it is installed. Tbig voltage sbonld not be 
applied or removtni too suddenly as unnecessary strains might he 
produced in this manner. 

Rubber- insulated cables should never l)e allowed to reach a 
teniperatnre exceeding tio' to 70" (' (140" to 158" F). I'ajwr 
will standateiiijHjratiire of !I0"('{1!I4' F), bntitis neither desirable 
nor economical to allow such a temperature to be reached. The 
following table is of interest in connection with underground 
cables. The dimensions here given are only general. 

TABLE VIII. 
Typical Cable Construction. 



CaUtn. 



Electric light lesB thao 600 v( 

Arc ligbtinK 

Higb-tensiun jiower tranKmis 



No. of Condactoni. 






Single 
Single 



Stranded 
Solid 



Single, concentrln, Stranded 
duplex, or three 
(Tonductorx 



No. 10 B.iB. 

or smaller. 

No. 6 or 4 

B.&S. 

No. lOB.&a. 

or xmaller. 



Tliickness of Insulation. 



(^ectric light Iokh than •'iCKJ 

Arc liRhting 

lligb-tension power trana- 



1 

Kubber. 


Fiber. 


Paper. 


^. 


jl '"""■ 


inch. 




Inch. 


,:t.; 


■X 


s 


s 


.'. to .>_ 


A 


.">. 





detection of Voltage to be Used. The voltage to be selected 
for a given system depends on the distance the power is to be 
transmitted as well as its amount, and on the use to bo made of 
the power. If a lighting load is concentrated in a small district, 
a 220-volt three-wire system will give very good service. If the 
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region is n little more extended, possibly a 440-voIt three-wire 
systerii neing 220-voIt lamps would serve the purpose without an 
Bxeesaive loss of power or a prohibitive outlay for cop|)*sr. For 
location when the service is ycattered, a distribution at from 2,200 
to 4,000 volts alternating current la used, transformers being 
located as required for stepping down the voltage for the units 
which may be fed from a two- or three- wire secondary system. 

2,yflO volts (alternating) is a standard voltage for lighting 
purposes and for polyphase systems; 2,300 volts is often taken as 
the voltage between the outside wires and the neutral wire of a 
four-wire three-phase distribution. 

For railway work, 550 to GOO volts direct current is used up 
to distances of about 5 or miles, beyond which it becomes more 
economical to install an alternating-current main station and sup- 
ply the line at intervals from substations to which the power is 
transmitted at voltages of from 0,000 to 30,000 or even higher, 
depending on the distance it is to be tranainitted. At present, 
the highest voltagi^ used in long-distance tninsuiisaiou Is 00,000, 
though higher values are contemplated. Buch voltages are used 
only on very loiig lines, and each one becomes a special problem. 
It is always well to select a voltage for apparatus which may be 
considered as standard by manufacturing companies, as standard 
apparatus may always be purchased more cheaply and furnished 
in shorter time than S2)ecial machinery. 

Protection of Circuits. Lightning arresters are installed at 
intervals along overhead lines for the protection of connected 
apparatus. For ordinary lighting circuits, such arresters are in- 
stalled for the protection of tranaformerB, and are located preferably 
on the first pole away from the one on which the transformer is 
installed. Care should be takeu to see that there are no sharp 
bends or turns in the ground wire and that there is a good ground 
connection. For the high-tensiou lines, lightning arresters at 
either end of the circuit are relied on to afford the greater part of 
the protection. In some localities, a wire strung on the same pole 
line at a short distance from the power wires and grounded at very 
frequent intervals has been found to reduce troublesdue to lightning. 

The grounding of the neutral of three- wire secondary systems 
forma a means of protection of such circuits against high jioteutials 
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which might ariae from accidental contact with the primarieB, and 
is recoi II mended in sutiio cases. The gronnding of the neutral of 
high-tension systems reduces the potential l>etween the lines and 
the ground, but a single ground will cause a short-circuit on the 
line with any grounded syBtem. Grounding, tlirough a resistance 
which will limit the flow of current in such a short-circuit, has 
been recommended and is employed in some instances. Spark 
arresters are installed at the ends of high-tension underground 
Bystems to jirevcut high voltages which might injure the insulation 
iu cast) of sudden changes in load, grounds, aud short-circuits. 
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PRACTICAL TEST QUESTIONS. 

In llie foregoing sections of thia Cyclopedift nu- 
merous illustrative examples are worked out in - 
detail in order to show the application of the 
various methods and principles. Accompanying 
these are examples for practice which will aid the 
reader in fixing the principles in mind. 

In the following pages are given a larg" num- 
ber of test questions and problems which afford a 
valuable means of testing the rfader's knowledge 
ef the subjects treated. They will be found excc^l- 
Icnt practice for those preparing for Civil Service 
Examinations. In some cases numerical i 
are given as a further aid in this work. 
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MANAGEMENT OF »YN AMO-ELECTRIO 
MACHINERY. 

PART I. 



1. Why ia the steam turbine well adapted for direct connec- 
tion! 

3. On a three-wiru sjetem is it better' to use 110- volt or 
220-ToU motors ! Explain why. 

3. Describe construction and operjition of the Fort Wayne 
self-starting synchronous motor. 

4. What methods are used for controlling the speed of in- 
duction motors 1 Which one is preferable 1 

5. How can the friction of brushes and bearings be tested 
roughly ! 

6. What points should be considered in the selection of a 
machine ? 

7. Give a sketch of the connections of a compound- wound 
motor. 

8. What is the advantage of a synchronous motor when its 
field is over excited 1 Explain. 

9. Give a safe rnle to follow for personal protection when 
handling electnoal circuits of a sufliciently high voltage to be 
dangerous. 

10. What precautions mast be taken in fixing a direct-con- 
nected set ? 

11. Why should starting boxes always be furnished with 
direct-current motors i 

12. (a) How are small induction motors started 1 (b) Why 
cannot large sizes be started in the same way ? 

13. If a machine is to be taken apart for the purpose of 
cleaning or inspecting it, what precautions should be taken ) 

14. Describe the method of lacing a belt. 
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15. How are djnamotora and motor-generator sets started) 

10. What pi-ecaution should be taken when starting a new 
machine for the first time. 

17. Immediately after Btopjiing a machine wliat ehoiild be 
done to it ? 

IS. Wimt advantages have circuit hroakers over fuaes ? 

l!t. What art! the advantages of tlw siiigle-pliaso serii-a motor 
for electric railway worli ; 

20. What is an inclosed fuse, and in wliat way is it better 
than a link fuse 'i 

21. AVliy is it well to j)iit the brushes of a genorati>r in con- 
tact with the commutator Iwfore starting? 

22. Explain the principle and nse of a starting compensator. 
2:i, What advantage does fojm) driving [)ossess over ordinary 

belting? 

24. AVhen synchronizing two alternators should the switch 
be closed when the two machines are approac-bing aynchroniain, or 
when they are receding from it. 

25. How can ' s|)arking at the commutator be measured 
roughly ? 

26. In placing a knife switch should it be so located tbal 
gravity tends to open it or to dose it ? 

27. Descril)e with sketch the connections for two compound- 
wound dynamos in jiarallel. 

28. How would you test a machine for balance 'f 

29. Dcscril»o with sketch the connections for a typical sin- 
gle-phase installation. 

30. Wliat points must be considered if two alternators are 
to be run in jKirallel ? 

31. Descril)e with sketcli tlie method of synchronizing on a 
three-phase system. 

32. Should the loose side of a bult be on the top or below 5 
Explain why, 

33. Give a sketch of two generators connected on the three- 
wire system. 

3i. AVhy is a series motor particularly adapted for railway 
work? 
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management of d y n a mo - el ectrio 
machi:nbry. 



1. In meaenring reeistance with the Wheststooe britt;^, 
what is the objection of using a ratio of 1000 : 1 or 100 : 1 ! 

2. DuBcribe a tachometer. What advantage has this over 
the speed counter ? 

3. What U the torqtie of a 20 horae-power motor panning 
at the rate of 000 r.p.m. ? 

4. When the armature of a machine tiecomes overheated 
and the I>elt is tight on the tension side, to what would yoa aecribe 
the cause and how would you remedy it ? 

5. Explain how to true up the commutator in case it be. 
comes rongh or uneven. 

6. Describe a method of testing td see if the armatnie it 
centered between the pole pieces. 

7. What is the pull in pounds in the case of a 40 horse-power 
motor if the speed is 550 r.p.m. and the pulley is 3 feet in 
diameter } 

S. What do yon understand to be meant by a ground in 
the armature ? 

9. If the speed of a generator is too hi^, what effect doea 
this have on the voltage ! 

10. Describe with formula the direct-deflection method of 
measuring insulation resistance- 

11. Describe a method of determining the current in • 
circuit if you have a voltmeter but no ammeter at band. 

12. How does eddy-current loss vary with the epeed ! 
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13. Explain briefly the method of separating the eddy cur- 
rent \oBb from the hjeteresiB lose in a generator. 

14. How does an eccentric commutator maaifeet itaelft 

15. If the reBidual magnetism of a dynamo be weak or 
entirely destroyed, how wonld you explain the cause for the same? 
How would such trouble manifest itself, and what is the remedy? 

16. What resistanpe does a Weston voltmeter usually have! 

17. Supposing the commutator of a machine is covered with 
a dark coating, while the commutator brushes and brush holders 
show marks of abnormal heat, what is likely to be the cause and 
what remedy should he applied? 

18. Name the causes of the voltage of a generator being too 
low. 

19. What difficulty would arise in attempting to measure 
the armature resistance of a 20 horse-power 110- voU shunt machine 
with the Wheatstone bridge? 

20. In testing the output of a large generator, how would 
you dispose of the large current generate*!? Give two methods. 

21. What is meant by the efficiency of a generator ? 

22. Which is preferable to use on a commutator, sandpaper 
or emery ? 

23. Which is preferable, that the commutator should have a 
bright, clean appearance, or be covered with a brown glaze or 
polish? 

2-t. How can Foucault currents in the pole-pieces or field- 
cores be detected? What usually gives rise to such action ? 

25. What is the advantage of over-compounding so that a 
machine gives a higher voltage at full load than at low load ? 

20. A motor which is running without load is found to take 
excessive current; give a cause and remedy for the same. 

27. If the field coils of the machine are too hot as determined 
by testing with the hand, what remedy would you apply? 

28. Why cannot insulation resistance be measured by means 
of the Wheatstone bridge? 

29. How could you determine the speed of a belted machine 
without the use of any sort of a 8|)eed indicator? 

80. What is meant by the efficiency of a motor? 
31. How does hysteretic loss vary with the speed? 
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POWICK STATIONS. 



1. Wby 18 it desirable to allow a reserve capacity when decid- 
ing upon tlm number of units to be installed ? 

2. Draw a dia^^ram of the piping eystem for what you ton- 
Bider a first-cIasB arrangement of the units. 

3. Would you use a high or low-speed engine (a) in the case 
of a 200 K.W. generator; (J) in the case of a 300 K-W. generator; 
(r) in the case of a 1,000 K.W. generator? 

4. When alternators are driven in parallel by gaa engines, 
what arrangement is nsed to compensate for the variation in angu- 
lar velocity ? 

5. Is it better to have a machine of very higb efficiency at the 
expense of excessive cost, or to have it reasonable in price with 
lower etticiency ? 

(i. What arrangement is now frequently used to avoid placing 
the different pieces of apjiaratus directly on the panels of a switch- 
board ? 

7. Explain the function of a substation and tell of what its 
equipment should consist. 

8. What are the advantages of oil switelies ? 

9. Explain why the capacity of a 6-phase rotary converter ia 
greater than that of a single-phase, two- phase, or three-phase. 

10. Which system of charging for power do you consider the 
fairest and best ? Explain why. 

11. E^pliin what is meant by a reverse -current relay, and 
^ve an example of its usefulness. 

12. What factors must be taken into consideration when locat- 
ing a rotary converter substation } 
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1;(. DiacuRH the xcqiii rumen ts of ItoilurB for ventral station 
operation. 

14. What are tlie advantages and disadvantsgi^s of mechan- 
ical draft over natural draft J 

15. Do yon believe the gan engine will ever replace the stuain 
engine ae a prime mover ? Give reasons. 

16. Should an exciter be direct-connected to the shaft of an 
alternator or should it be belt-connected, and why ! 

17. How does the lightning arrester for alternating-current 
work differ from that for direct. current work f 

18. If a dynamo is located immediately above the engine, 
show by sketch how you would arrange the l>elting. 

19. Which type of cin-uit breaker do you consider Iwtter, the 
carbon break or the magnetic blow-out type? 

20. Why is it desjrable to keep careful station records and of 
what should such records consist ? 

21. In direct-current railway work what is the maximum dis- 
tance over which power may be economically transmitted 'i 

22. ' Draw a diagram of a system of piping i" which provision 
may be easily made to allow for expansion of pi|)e3, while on the 
other hand a damaged section may disable one boiler or one en- 
gine. 

23. I>escril>e the Curtis turbine and explain the method of 
governing the same. 

24. What points should be taken into consideration wben 
deciding upon the voltage to use for a given system ? 

25. Do you consider Niagara Falls a good location for the 
large power plants located there \ Explain fully your reason for 
answer. 

26. Upon what does the ratio of the- voltage applied to the 
alternating, cur rent side and that applied to the direct-current side 
of a rotary converter, dej>end ! 

27. In charging for power, why should a higher rate be de. 
manded for that which is used during the peak hours? 

28. In the case of a large lighting station, why is it desirable 
that there should also be a demand for power ? 

29. What are the advantages of cross connecting in the ring 
system of piping over the same system without cross coQDecting? 
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STORAGE BATTPIRIES. 



1. What is the lowest voltage to whicli a lead battery shontd 
be discharged? 

2. What means may be employed to make np for the drop in 
potential of storage batteries during discharge? 

3. What causes sulphating? 

4; What plate of a storage battery is the positive? 

5. Describe the several indications by which the amount of 
chai^ in a storage battery can be detennined. 

6. How is the capacity of a storage battery usually expressed? 

7. What is an electrolyte? 

8. What is meant by a floating battery, and when is it 
applicable? 

9. How must a storage battery room be arranged? 

10. What causes buckling? 

11. Why are there always more negative plates than ' positive 
plates in a storage battery? 

12. Give several applications of storage batteries. 

13. When a storage battery is chained, what is found on the 
positive plate? What is found on the negative plate? What occurs 
when the cell is dischaiged? 

14. What is the maximum voltage obtainable from a lead 
storage cell? 

15. How may sulphating and buckling be prevented? 

16. How would you put a battery out of conmiission for a long 
period, and how would you place it in service again? 

17. What is the difference in construction between Faure and 
Plants plates? 

18. What is the essential difference between a primary and 
a storage battery? 
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19. What instruments are required on a storage battery switch- 
board, and how are they connected? 

20. If a battery be discharged at a greater rate than its normal, 
how does it temporarily affect the capacity of the cell? 

21. ^\'hat impurities in the electrolyte must be guarded against? 
How is their presence caused, and how determined? 

22. Wiich type of cell has the larger storage capacity per lb. 
of cell, the Faure or the PlantiJ? 'ft'hy? 

2.3. Why is (he storage battery useful in electrical laboratories? 

24. What is the .specific gravity of the electrolyte of a lead cell 
when fully charge<l, and alxiut what when discharged? 

25. ^Vhat i.H the constantHiuirent booster system, and where is 
it most applicable? 
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POWER TRANSMISSION. 



1. Of tbe various arraiigoments for obtaining tlie three-wire 
system, shown in Fig. 12, which is the one most commonly used 
in practice} 

2. What IB the drop in voltage and tbe loss in energy in a' 
line 5 miles long composed of No. 6 wire, if the current flowing is 
6.8 amperes ? 

3. What is tbe purpose of transposing wires ? Explain the 
principles upon which transposition is based. 

4. What materials are commonly used for oonductors for 
electrical transmission of power i 

5. What is tbe disadvantage of using tbe bridge arrangement 
for obtaining a three-wire system from a single generator? 

0. Give tbe formula for calculating the area of conductor in 
circular mils of an alternating current transmission line, explain- 
ing tbe meaning of the symbols used. 

7. What relation must exist between the capacity and self- 
induction of a line in order that the one may neutralize the other i 

8. What is tbe area in square mils of a No. 3 wire 1 

9. Outline the method of determining tbe most economical 
feeding point for a system. 

10. What limit determines the allowable rise in temperature 
in a conductor carrying currenti 

11. Show a sketch of tbe connections of the three-phase four- 
wire system. 

12. Supposing a circuit has a capacity of .6 micro-farads, tbe 
frequency of the circuit being 25 cycles; what must be the indue-' 
tance to exactly neutralize its capacity i 
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13. WithoDt referring to the book, stow a sketch of the anti- 
[jarallel eystem of feeding with tapering conductors. 

14. For what purpose is uluminiim used principally, and why 1 

15. To what sort of distribution is the series multiple system 
applicable ? 

16. Under what conditions is it more economical to ase poly- 
phase systems than single-phase? 

17. Give approximate values of power factor for incandescent 
lights alone and also for induction motors alone, 

18. If a No. 10 wire has a diameter of about ^ij-tii of an inch 
what would be the cross- sectional area of a No. 19 wire ? 

19. How do you account for the capacity effect which is pres- 
ent on transmission lines ? 

20. What is the principal advantage of multiple. wire systems ! 

21. How can the self-induction on a transmission line be re- 
duced? 

22. Mention nses to which tlie series system is applicable. 
33. Which is preferable for long distance transmission, three- 
phase or two-phase? Explain why. 
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